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In earlier work (Burnet and Stone, 1947) on the technique of preparation 
of the receptor-destroying enzyme (RDE) of V. cholerae it was noticed that in 
some of the cultures on soft agar plates there was a sudden fall in the concentra- 
tion of the enzyme if incubation was extended beyond 16 to 18 hours. The effect 
did not occur regularly and appeared to be correlated with the development of 
high alkalinity in the cultures. It was originally observed with our standard 
4Z strain, but could not be demonstrated when this strain was re-examined 
later. Several other strains of V. cholerae regularly showed disappearance of 
RDE together with a strongly alkaline reaction when incubated for 24 to 
48 hours. 

A second enzyme of the cholera vibrio also under investigation in this 
laboratory, the mucinase acting on glandular mucin (Burnet, 1948a), was not 
destroyed under these conditions. The phenomenon was studied therefore with 
a view to obtaining a technique for the preparation of mucinase free from RDE. 
It was found that the vibrio cultures contained a factor, probably an enzyme 
resembling trypsin, which destroyed RDE under conditions of alkalinity and 
absence of calcium ions. Destruction could also be brought about with minute 
amounts of trypsin acting under similar conditions. Furthermore, when 
influenza virus was exposed to the action of trypsin its enzymic activity was 
reduced as tested by its capacity to destroy both the virus receptors on the red- 
cell and the inhibitory activity of mucoid. 


MATERIALS AND METHODS. 


Agar extracts of V. cholerae. These were prepared as previously described (Burnet and 
Stone, 1947). Briefly, 1 p.c. agar plates heavily inoculated with V. cholerae were incubated 
for 16 hours at 37° C. or for longer periods where specified. The agar was then removed into 
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a gauze bag resting in a Biichner funnel and pressure applied with the aid of a weighted 
cylinder fitted into the funnel. The extract so obtained is referred to as crude agar extract. 
Heated agar extract was prepared by adding 0-5 p.e. calcium chloride, adjusting to pH 6-0 
and heating at 55° C. for 40 minutes. Precipitated material and bacterial bodies were then 
removed by centrifugation. 

RDE preparations. Crude or heated agar extracts were prepared from 16-hour cultures 
of strain 4Z as above. RDE eluate was prepared from heated agar extract by adsorption to 
and elution from human red-cells as described by Burnet and Stone (1947). 

Viruses. The following strains were used in the form of infected allantoic fluid: 


Newcastle disease virus of fowls, Victorian strain of Albiston and Gorrie; 
Melbourne strain of influenza A; 

WS strain of influenza A, adapted to chorioallantoic passage (WSE) ; 
LEE strain of influenza B; 

Swine influenza, Shope’s strain 15. 

Trypsin, Samples of crude trypsin (commercial preparation of Townson & Mercer), and 
of crystalline trypsin (gift of Dr. J. H. Northrop) were tested. To prepare a 1 p.c. solution 
of crude trypsin 500 mg. were suspended in 50 ml. of normal saline. After standing for one 
hour at room temperature with occasional shaking, the suspension was filtered through paper 
and then through a Seitz sterilizing pad. The first 15 ml. of filtrate was discarded as this 
was found to have less activity than the remainder of the filtrate. The sample of crystalline 
trypsin contained 50 p.c. by weight of magnesium sulphate, It was dissolved in distilled water 
to give a 1 p.c. solution in terms of enzyme. 

Egg-white antitrypsin. Prepared by the technique of Balls and Swenson (1934) was 
kindly supplied by Mr. E. L. French of this Institute. 

Mucoid inhibitor. Semipurified mucoid prepared from an ovarian cyst by Dr. J. F. 
McCrea of this Institute was used. The method of purification was as described by McCrea 
(1949) omitting the final treatment with chloroform. 

Borate buffers were prepared according to Palitzsch (Clark, 1920). 

Citrate-borate saline contained 10 p.c. by volume of standard borate buffer at pH 8-5 
and 0-2 p.c. sodium citrate in normal saline. 

Buffered calcium saline contained 1-00 gm. CaCly, 9:00 gm. NaCl, 1-203 gm. HgBOs, 
0-052 gm. NafB,07. 10 H2O per litre of distilled water. The pH lay between 7-1 and 7:3. 

Titration of RDE. Serial twofold dilutions of the test material were made 
in 0-25 ml. of buffered calcium saline and an equal volume of a 1 p.c. suspension 
of fowl red cells added. After incubating the test for 30 minutes in a water 
bath at 37° C., one drop (0-025 ml.) containing 10 agglutinating doses of 
Melbourne influenza A virus was added to each tube, the racks well shaken and 
returned to the bath. The test was read after a further 30 minutes by the 
pattern of sedimented cells, the ‘‘+-’’ degree of partial agglutination being taken 
as the end-point. 

Titration of inhibitor-sensitivity of virus. Serial twofold dilutions of cyst 
mucoid were prepared in 0-25 ml. of normal saline. An equal volume of a 
dilution of the test virus containing 5 agglutinating doses was added to each tube 
and after holding the mixtures for 1 hour at 4°C., 0-25 ml. of a 1 p.e. 
suspension of inhibitor-sensitive fowl cells (Anderson, 1948). The test was read 
by the pattern of haemagglutination after a further 1} hours at 4° C. 
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EXPERIMENTAL. 


Spontaneous Inactivation of RDE in Agar Extracts of V. cholerae. 


At the time of these experiments the pH of extracts prepared from cultures 
of the 4Z strain was not above about 7-5, even when incubation was extended 
to 48 hours before harvesting. With other strains, in which spontaneous 
inactivation of RDE occurred, the pH rose to 8-5-9 after incubation for 24 to 
48 hours. Attempts were therefore made to induce destruction of RDE in agar 
extracts by adjustment to a suitable degree of alkalinity and incubation. 


When crude agar extract prepared with the 4Z strain was adjusted to pH 8-5 with 
sodium hydroxide there was some reduction in RDE titre on incubation. If, however, the 
extract was diluted 1:5 in borate buffer at pH 8-5, incubation resulted in a dramatic fall 
in titre. By testing the effect of various diluting fluids it was found that the destruction of 
RDE was inhibited by calcium ions. Thus when extract was diluted in borate buffer contain- 
ing 0-1 p.e. calcium chloride there was no significant destruction with incubation while the 
addition of a ealeium de-ionizing agent, such as citrate or phosphate, to the crude extract 
enabled rapid destruction on incubation in the undiluted state. In extract diluted in borate 
buffer at pH 7-2 there was practically no destruction of RDE. 

Similar results were obtained with an extract of 24-hour agar cultures of the Inaba 58 
strain of V. cholerae. These are shown in Table 1. 


TABLE 1. 


Spontaneous inactivation of RDE in agar extract of V. cholerae. 





| RDE titre after incubation. 
Treatment of agar extract |—— 
| 1¢hours | 3% hours 








Adjusted pH 8-5 140 <10 
0-2 p.c. citrate* added, adjusted pH 8-5 <10 <10 
Diluted 1:5 in borate buffer pH 8-5 30 <10 


Diluted 1:5 in borate buffer pH 8-5 with 0-1 p.c. CaClo | 1,280 1,100 


Titre of untreated extract was 1,600. Other titres shown are in terms of original extract. 
* The effect of the citrate was neutralized with calcium chloride before titration of RDE. 


After filtration through a Seitz sterilizing pad 4Z agar extract of pH 7-5 
no longer lost its RDE activity when incubated at a dilution of 1:5 in borate 
buffer of pH 8-5. This would suggest that some active factor had been removed, 
probably by adsorption to the pad during filtration. In later experiments it 
was found that there was no loss of the RDE-inactivator when the extract was 
filtered at pH 8-5. 

Preparations of RDE eluate showed only a slight fall in titre when incu- 
bated in a 1:10 dilution in borate buffer (pH 8-5) with 0-2 p.c. sodium citrate. 
The eluates therefore appeared to be practically free from the inactivator and 
served as a useful substrate for investigating its action. 
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Mixtures were prepared containing eluate in a dilution of 1:10 and Inaba crude agar 
extract either fresh or previously boiled for 10 minutes, in a dilution of 1:5 in borate buffer 
pH 8-5 with 0-2 p.c. sodium citrate. These were incubated at 37° C. together with a control 
preparation of eluate diluted 1:10 in borate buffer with citrate. Samples taken after 1} 
hours and 34 hours were titrated for RDE activity after adding 0-1 p.c. calcium chloride. 


It will be seen from Table 2 that destruction of RDE occurred when the 
eluate was incubated with crude agar extract. Boiled agar extract did not 
produce this effect. 


TABLE 2. 


Inactivation of RDE eluate by crude agar extract of V. cholerae. 


| ~ RDE titre after incubation __ 
Treatment of eluate (pH 8-5, citrate) —— -— - 





| 1thours | 34 hours 
| 
Crude agar extract 1,600 | 280 
Boiled crude agar extract 4,800 5,600 
Control 3,200 2,800 


| 


Titre of untreated eluate was 10,000. 


As the above eluates were prepared from agar extracts previously heated 
to 55° C. in the presence of excess calcium chloride, it was of interest to test 
whether this treatment destroyed the RDE-inactivator. It was found that 
spontaneous inactivation of RDE in the heated extract could be demonstrated 
in the same way as with the unheated material, provided the calcium was first 
removed by dialysis or neutralized with excess citrate. A quantitative com- 
parison of the activity of the extract before and after heating was made using 
the following technique for titrating the RDE-inactivator. 


Titration of RDE-Inactivator. 


Serial twofold dilutions of the test material were prepared in citrate-borate saline in 
0-25 ml. volumes. One drop (0-025 ml.) of a standard dilution of RDE eluate was added 
to each tube and these incubated for 1 hour in a water-bath at 37°C. After adding one 
drop of 2 p.c. calcium chloride solution per tube to prevent further action of the inactivator, 
the presence of demonstrable RDE in a 1:5 dilution was determined by transferring 0-05 ml. 
from each tube to 0:2 ml. of buffered calcium saline and adding 0-25 ml. of a 1 p.c. 
suspension of fowl red cells. The tubes were then incubated for 30 minutes at 37° C., one 
drop containing 10 agglutinating doses of Melbourne virus added, the tubes shaken and 
returned to the water-bath. The test was read after incubation for a further 30 minutes 
according to the pattern of sedimented red cells, the ‘‘+’’ degree of partial agglutination 
being taken as the end-point. 

The occurrence of haemagglutination at reading indicated that the standard amount of 
RDE had been inactivated and hence was not available to render the red cells inagglutinable 
by the test dose of virus. The standard dose of RDE was adjusted according to the sensi- 
tivity required in the test. 
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This technique was not suitable for estimation of small amounts of RDE- 
inactivator in preparations containing much RDE. However, in material 
containing a fairly high titre of RDE-inactivator the presence of RDE would not 
interfere significantly at the end-point or could in any ease be eliminated by 
preliminary incubation before carrying out the titration. 

Table 3 shows the results of a titration of RDE-inactivator in ‘‘erude’’ 
4% agar extract and in material heated by the standard technique at 55° C. 
in the presence of excess calcium chloride and dialysed before testing. It will 
be seen that the inactivator withstood heating under these conditions. 


TABLE 3. 
Demonstration of RDE-inactivator in 55° C. heated agar extract (4Z). 








| | ~ Controls | 
Ex- 
Dilutions of extract tract 
Agar extract | — | 1:10, | RDE, | Titre 
| | | | j | | no {| noex- | 
| 10 | 20 | 40 | 80 | 160 ; 320 | RDE | tract | 
ties | | | | | | | 
Crude | ++ | = i 22 | @& — ; — |++]— | 60 
| | | | 
Heated, tested after dialysis | ++ | ++/) 4+ —: | — | | aa | —_ 40 
| | 





Symbols represent degrees of haemagglutination at reading, positives indicating 
inactivation of RDE. Standard dose of RDE used was 100 units. 


Conditions of Activity of RDE-Inactivator. 


In order to prepare a stock solution of RDE-inactivator for these experiments the RDE 
in a batch of crude 4Z agar extract was first inactivated by adding 0-2 p.c. sodium citrate, 
adjusting the pH to 8-5 and incubating at 37° C. When tested after incubation for 4 hours 
the titre of RDE had fallen to <2. The extract was then allowed to sediment overnight at 
4° C. and the supernatant fluid filtered through a Seitz sterilizing pad. 

Comparative titrations were then carried out with this material using as diluents the 
standard citrate-borate saline (pH 8-5, 0-2 p.c. sodium citrate) and the following modifica- 
tions of this (1) citrate replaced by 0-1 p.c. calcium chloride, (2) buffered to pH 7-2, (3) 
pH 7-2 and citrate replaced by 0-1 p.c. calcium chloride. The standard dose of RDE used 
was 20 units. 

To demonstrate the effect of temperature on the inactivator a parallel titration in 
citrate-borate saline was carried out at 4° C. up to the stage of addition of calcium chloride, 
the remainder of the test being done at 37°C. In addition a titration of material previously 
boiled for 10 minutes was made by the standard technique. 


It will be seen from the results in Table 4 that the standard dose of RDE 
was inactivated by dilutions of 4Z extract up to 1: 200 at 37° C., pH 8-5 and 
in the presence of citrate. The inactivator was inhibited at 4° C. by a pH of 
7-2 or the presence of free calcium ions. Boiled material was also inactive. 
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TABLE 4. 


Conditions of activity of RDE-inactivator from V. cholerae. 





Titre of 
Diluent Temperature | inactivator 


4Z crude agar extract | pH 8:5, citrate 37°C. 

4Z crude agar extract pH 8:5, CaCly 37° C. 

4Z crude agar extract | pH 7:2, citrate 37° C. 

4Z crude agar extract pH 7-2, CaCly 37° C. 

4Z crude agar extract | pH 8°5, citrate 4° C, 
| 


Boiled agar extract pH 8:5, citrate 37° C. 











Standard dose of RDE was 20 units. 


Treatment of Cholera Extract for Elimination of RDE. 


From the practical viewpoint the chief interest of the above experiments 
is in providing a technique for producing culture extracts of V. cholerae free 
from RDE yet containing certain other enzymes. It is known that the mucinase 
(Burnet, 1948a) at least is not inactivated by this treatment. The following 
technique has been adopted for the routine preparation of mucinase. 


An extract is prepared from 16-hour cultures on soft agar by squeezing through gauze 
according to the standard technique used for preparation of RDE (Burnet and Stone, 1947). 
1 ml. of 20 p.c. sodium citrate solution is added per 100 ml. of extract and the pH adjusted 
to 8-5 with sodium hydroxide. The extract is then incubated at 37° C. and the titre of RDE 
determined at intervals. The time required for complete elimination of RDE appears to vary 
somewhat from batch to batch, in some cases 4 hours was sufficient. After incubation the 
vibrios are allowed to sediment at 4° C. and the supernatant fluid sterilized by filtration 
through a Seitz pad. 


Effect of Trypsin on RDE. 


It appeared likely from the above experiments that the RDE-inactivator 
was an enzyme active at pH 8-9. The alkaline nature of its pH optimum 
suggested that the inactivator might be trypsin. Tests were therefore made with 
standard preparations of trypsin to determine whether they inactivated RDE 
under the conditions required by the vibrio agent. 


Both crude and crystalline trypsin were titrated by the technique described above for the 
vibrio agent using a standard dose of 65 units of RDE. Tests were made in the various 
diluents shown in the Table, and at 4° C. as well as at 37° C. 

The results in Table 5 show that both crude and crystalline trypsin in high dilution 
inactivated RDE when allowed to act at 37° C., pH 8-5 in the presence of 0:2 p.c. citrate. 
Both preparations of trypsin lost their activity when boiled for 10 minutes in borate buffer 
pH 8-5. In accordance with the known thermostability of trypsin in acid solution it was 
found in tests not included in the Table that boiling at pH 5-6 resulted in a partial loss of 
activity only. 





TRYPTIC INACTIVATION OF RECEPTOR-DESTROYING ENZYME = 235 


TABLE 5. 


Inactivation of RDE by trypsin. 


| RDE-inactivating titre of trypsin 


Diluent Temperature | 





Crystalline, 


Crude | Crude, boiled| Crystalline boiled 


*5, CaCly 37° C. <20 <100 
2, citrate 37° C. <20 <100 
+2, CaCly : YY <20 <100 
5, citrate , | | <100 


| 
| 
-5, citrate 37° C. 12,000 | <20 | 100,000 <100 








Standard dose of RDE was 65 units. 


Antitrypsin prepared from egg-white was tested for its inhibitory effect on 
both trypsin and the RDE-inactivator from vibrio extracts. It was found that 
antitrypsin in a concentration of 2 mg. per ml. caused complete inhibition of 
RDE-inactivator in both cases (Table 6). 


TABLE 6. 


Inhibition of RDE-inactivation by egg-white antitrypsin. 


| RDE-inactivation* | Controls 
Inactivator | Diluent | Dilutions of inactivator | RDE 
| (citrate-borate | | + 
saline) |; 20 40 80 160 320 1,000 2,000 4,000 | Titre | virus | Virus 
| 


Trypsin | | 
(crude, Control Roms ++ 44+ ++ ++ aa ol ; | 44 
1 pec.) | + antitrypsin | —_-_ — — : 2 | +4 


a | 
4Z agar Control |} ++ ++ 4++4+ — | +4 


xtract - , 7 ‘PZ 
— +antitrypsin | — — — 20| — | ++ 
* Symbols represent degrees of haemagglutination, positives indicating inactivation of the 
standard dose of RDE (100 units in tests with trypsin, 20 units in tests with 4Z extract). 


The kinetics of the inactivation of RDE by trypsin and by the vibrio agent 
were studied in the experiment illustrated in Fig. 1. 

Mixtures were prepared containing an appropriate dilution of 4Z crude agar extract 
(previously treated as above to inactivate RDE) or of trypsin (crude) with 0-5 p.c. sodium 
citrate and borate buffer (pH 8-5) 1:4 in normal saline. Control mixtures contained boiled 
agar extract or saline in place of inactivator. The mixtures were placed in a water-bath at 
37° C. and at zero time a standard dose of RDE eluate giving a titre of approximately 300 
was added to each. 0-25 ml. samples removed at intervals from each mixture were diluted 
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immediately with at least 1 ml. of buffered calcium saline to arrest the course of inactivation, 
then titrated for RDE by the standard technique. 

In the control mixtures without added inactivator there was a significant reduction in the 
titre of RDE during incubation. In the mixture containing boiled agar extract the titre 
fell to 50 p.c. and in the saline control to 30 p.c. over the test period of two hours. In 
expressing the results in the Figure the RDE titres after treatment with trypsin or with the 
vibrio agent are given as the percentage of the titre in the corresponding control mixtures, 
containing boiled agar extract in the case of the vibrio inactivator and saline in the case of 
trypsin. 

It will be seen that the inactiva- 
tion of RDE by either agent pro- 
gressed logarithmically with time. 
There was an indication of a short 
lag period. When the concentra- 
tion of trypsin was reduced by 
50 p.e. the rate of inactivation fell 
to one-half in accordance with a 
typical enzymic reaction. With 
the vibrio agent, however, there 
was very little reduction in rate 
when the concentration was re- 
duced from 1: 20 to 1: 40. Further 
tests not included in the Figure 
showed that even with the concen- 
trations of 1:80 and 1:160 the 
difference in the rate of inactiva- 
tion was less than 50 p.c. This 
may perhaps have been due to the 
effect of an inhibitor in the crude 
agar extract. 








60 


Time in Minutes 


A— Trypsin 0-00012 p.c. 
it-—-———-- Trypsin 0-00025 p.c. 


Effect of Trypsin on Enzymic 
Activity of Influenza Virus a——— 44 agar extract 1:40. 


° 


4Z t :20. 
(LEE). agar extract 1:20 


; a Fig. 1. Inactivation of RDE by trypsin and 
It was found in preliminary ex- by agar extract of V. cholerae. 


periments that exposure of the 

LEE strain of influenza B virus to trypsin resulted in reduced enzymic activity 
of the virus as tested by its ability to destroy the mucoid inhibitor for heated 
LEE virus (Burnet, 1948b) or by its capacity to elute from the red cell. The 
haemagglutinin titre of the virus remained unchanged or on some occasions 
showed a slight rise following treatment with trypsin. In view of the develop- 
ment of sensitivity to the mucoid inhibitor which takes place concomitantly 
with the loss of enzymic activity when LEE virus is heated at 55° C. the trypsin- 
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treated virus was also tested for this property. It was found that the virus had 
in fact become sensitive to the inhibitory effect of mucoid. 

These effects were obtained with both the crude and the purified prepara- 
tions of trypsin in relatively high concentration, but there was no demonstrable 
reduction of enzymic activity or development of sensitivity to mucoid inhibitor 
after exposure to vibrio extracts containing RDE-inactivator. The failure of 
the vibrio extracts to modify virus can be attributed to their low content of 
inactivator as judged by activity against RDE. 

In order to estimate the reduction in enzymic activity of the treated virus 
the following techniques were devised for titrating its inhibitor-destroying 
activity and receptor-destroying activity. 


Titration of Inhibitor-Destroying Activity of Virus. 


Owing to the presence of trypsin in samples of treated virus it was necessary to use 
mucoid inhibitor prepared from ovarian cysts which is relatively resistant to inactivation by 
trypsin (McCrea, 1949). 

Twofold dilutions of virus were prepared in normal saline in 0-25 ml. volumes and to 
each tube was added an equal volume of a standard dilution of mucoid inhibitor (5 inhibitory 
doses as tested against 5 agglutinating doses of heated LEE). After incubation for 1 hour 
at 37° C. the mixtures were heated in a water-bath at 65° C. for 30 minutes to destroy the 
virus haemagglutinin, then chilled to 4°C. One drop of heated LEE virus containing 
5 agglutinating doses was then added to each tube and after 1 hour at 4° C., 0-25 ml. of 1 p.e. 
inhibitor-sensitive fowl cells. The test was read by the pattern of haemagglutination after 
settling at 4° C. (13 hours). 

Control tests were included to check that the concentration of trypsin used did not 
inactivate the inhibitor under the conditions of the test. 


Titration of Receptor-Destroying Activity of Virus (LEE). 


Twofold dilutions of virus in buffered calcium saline were mixed with an equal volume 
(0-25 ml.) of 1 p.c. fowl cells and incubated at 37° C. for 1 hour. The virus haemagglutinin 
was then neutralized by adding one drop of a suitable dilution of homologous antiserum; in 
the present experiments a fowl serum diluted 1:5 was used. After 15 minutes at 37° C. the 
tubes were examined to confirm that neutralization had taken place and one drop containing 
10 agglutinating doses of Melbourne virus added. The tubes were well shaken and the test 
read by the pattern of haemagglutination after a further 30 minutes at 37° C. 

It should be emphasized that trypsin in the concentrations present in the samples of 
treated virus was shown to have no effect on the agglutinability of red cells. There was, 
therefore, no evidence to corroborate the statement of Hirst (1948a) that trypsin destroys 
the receptors for influenza virus on the red cell. 


Conditions of Action of Trypsin on Virus. 


The action of trypsin on LEE virus in the form of infected allantoic fluid, 
as tested by the rate of development of inhibitor-sensitivity, did not appear 
to be influenced by the addition of sodium citrate or by the alteration of pH 
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from 8-5 to 7-2. However, if the allantoic fluid was first dialysed it could be 
shown that trypsin was more effective at pH 8-5 and in the absence of ionized 
calcium. 


LEE-infected allantoic fluid was dialysed through cellophane against tap-water overnight 
at 4° C., 0-5 ml. of dialysed virus was mixed with 0-5 ml. of 1 p.c. trypsin (erude) and 
1-0 ml. of borate buffer pH 7-2 or 8-5 containing either 0-4 p.c. calcium chloride or 1-0 p.e. 
sodium citrate. Corresponding control mixtures were prepared using normal saline in place of 
trypsin. The mixtures were placed in a water-bath at 37°C. and 1 ml. samples removed 
after incubation for 2 hours and 6 hours. These were stored at 4° C. and after adjustment 
where necessary to pH 7, were tested for sensitivity to inhibition by mucoid using 5 agglu- 
tinating doses of virus in buffered calcium saline as determined by preliminary titration. 
All 2-hour samples were also tested for receptor-destroying activity and selected ones: for 
inhibitor-destroying activity. 


TABLE 7. 


Mucoid inhibitor-sensitivity of trypsin-treated LEE virus. 





/ | ae : Inhibitory titre 
Medium of 








pretreatment Virus pretreated with trypsin Control virus* 
| 2 hours | 6 hours | 2 hours | 6 hours 
ag = nn som | 
pH 8:5, citrate 5,000 24,000 | 700 | 12,000 
pH 8-5, CaCl 500 2,500 | <100 <100 
pH 7-2, citrate 1,600 8,000 <100 <100 
pH 7-2, CaCl 750 6,000 | <100 <100 


| 


* Control virus was pretreated in medium shown (without trypsin). 


It will be seen from Table 7 that the dialysed virus became sensitive to mucoid inhibitor 
most readily when treated with trypsin at pH 8-5 in the presence of citrate. This property 
was developed to a lesser extent when trypsin was allowed to act at pH 7-2 or in the presence 
of calcium chloride. The maximal inhibitory titre obtained with trypsin-treated virus 
(24,000) was the same as that obtained with the standard 55° C.-heated virus. Corresponding 
control tests showed that the conditions allowing optimal activity of trypsin caused a simila) 
though less rapid change in the virus in the absence of trypsin. With non-dialysed LEK 
virus the modifieation occurring in citrate at pH 8-5 without trypsin was considerably less 
than with dialysed material. (See Table 9.) 

Table 8 shows the results of titrations of the enzymic activity of the treated virus. The 
haemagglutinin titres of the samples as read during the initial stage of the titration for 
receptor-destroying activity are included in the Table and the corrected titres of receptor- 
destroying activity and inhibitor-destroying activity, on the basis of equivalent haemagglutinin 
titres, are given by the figures in parentheses. The sensitivity of the receptor-destroying 
titration was not sufficient to reveal differences between the tests with trypsin under different 
conditions. Dialysed virus exposed simply to pH 8-5 and citrate showed impaired enzymic 
activity as tested by both methods. The development of sensitivity to mucoid inhibitor was 
correlated with reduced enzymic activity. 
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In order to study the kinetics of the modifying effect of trypsin on virus 
an experiment was carried out in which LEE virus was exposed to a standard 
amount of trypsin for varying periods as well as to a series of concentrations 
for a standard time. In this way it could be tested whether the reaction 
followed the relation of an enzymic process: activity is proportional to the 
product of time and enzymic concentration. 


TABLE 8. 
Enzymic activity of trypsin-trealted LEE virus. 


| Virus pretreated with trypsin 











(2 hours) | Control virus* (2 hours) 
Medium of -- -- -- — 
pretreatment | Haem- | Receptor- |Inhibitor-| Haem- Receptor- Inhibitor- 
agglutinin | destroying |destroying| agglutinin | destroying destroying 
titre | titre | titre | titre | titre titre 
| | | | | 
pH 8:5, citrate | 96 2 3 | 56 |} 1+5 (3) <2 (<4) 
pH 8-5,CaClh | 50 | 2 | 24 | «4 (16) | 
pH 7-2, citrate | 128 2 | 100 20 | 48 
pH 7:2,CaCl | 128 | <2 | | 16 | 


| 100 


* Control virus was pretreated in medium shown (without trypsin). Figures in parentheses 
are the corrected titres on the basis of equivalent haemagglutinin titres. 


Twofold dilutions from a 1 p.c. solution of trypsin (erude) were prepared in normal 
saline. These were mixed with equal volumes each of LEE virus, borate buffer pH 8-5 and 
2 p.c. sodium citrate in normal saline and incubated at 37°C. A control mixture contained 
saline in place of the trypsin dilution. Samples were taken from the mixture containing 
0-25 p.c. trypsin (final concentration) and the control mixture after 30, 60, 120 and 240 
minutes. The other mixtures were sampled after 240 minutes only. The samples were diluted 
immediately with 9 volumes of buffered calcium saline and stored at 4°C. After further 
dilution to give a concentration of 5 agglutinating doses as determined by titration, they were 
tested for inhibitor-sensitivity. 

In Fig. 2 the inhibitor-sensitivity of the trypsin-treated virus is expressed 
as the increase in mucoid inhibitory titre as compared with control virus exposed 
to the test medium without trypsin for the same period. The increase in 
inhibitor-sensitivity of the control virus was approximately twofold during 
incubation for 4 hours. Dealing firstly with the effect of a constant amount of 
trypsin, it will be seen that the development of inhibitor-sensitivity proceeded 
in an approximately logarithmic fashion with time. There appeared to be a 
lag period at the initiation of treatment, although the experiment was not 
sufficiently critical to establish this fully. The results with successively halved 
concentrations of trypsin fell on a more nearly logarithmic line. Except for a 
tendency to diverge at the lower end of the Figure, probably due to a lag period 
in the time curve, the two curves, in which time and concentration of trypsin 
respectively were varied, fell close together. Thus in accordance with an 
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enzymic process, the effect of trypsin on the inhibitor-sensitivity of the virus 
was proportional to the product of the time of action and the concentration 
of trypsin. 

In parallel with the above experi- Senmetiind t6ns a0 exbten 1 4 tees) 
ment, virus (LEE) was exposed to DILUTION OF 0.25% TRYPSIN 
0-25 p.e. trypsin in the same test ces * 
medium for two hours at 4° C. There 
was no change in its inhibitor-sensi- 
tivity. 
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Effect of Trypsin on Other Strams. 


Strains of influenza virus vary in 
their ability to become indicators of 
mucoid inhibiter after heating at 
temperatures of 52-55° C. (Burnet, 
1948b and ec). Tests were therefore 
made to determine whether similar 
differences existed between’ the 
strains in the effect of trypsin. 


INCREASE IN INHIBITORY TITRE 


Virus was treated with crude trypsin 
(final concentration 0°25 p.c.) in borate 
buffer at pH 8:5 with 0-5 p.c. citrate 
according to the technique described above 
for LEE virus. Control preparations of 
each virus were made using normal saline in 
place of trypsin. Samples taken after incu- 
bation at 37° C. for 2 hours and 18 hours 
were tested against mucoid inhibitor 
together with preparations of untreated and Fig. 2. Development of inhibitor-sensitivity 
heated viruses, in a dilution containing 5 in LEE influenza B virus during treatment 
agglutinating doses. with trypsin. 

----- Trypsin 0-25 p.c. acting for the 
times shown. 

















TIME OF ACTION IN HOURS 


(standard conc. of trypsin : 0.25%) 


Melbourne influenza A virus, ex- 


posed to trypsin for 18 hours at ——— Serial dilutions of trypsin, 0-25 p.c., 

37° C., was inhibited by mucoid in 0-125 p.c. ete., allowed to act for 
P CR he 4 hours. 

moderately high dilutions (Table 9). 

<n a . : The two curves are plotted together to 

This titre hota considerably higher indicate the degree to which the relation 

than that obtained with heated Mel- (activity «x cone. X time) holds. 


bourne (55° C., 30 minutes). With 

NDV there was no change after either heating or exposure to trypsin. In the 
case of WSE and Swine influenza viruses, on the other hand, incubation for 2 
hours at pH 8-5 in the presence of citrate, even without the addition of trypsin, 
modified the virus so that it was inhibited by high dilutions of mucoid. Swine 
influenza virus treated in this way gave much higher inhibitory titres than 
after heating. 
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TABLE 9. 


Mucoid inhibitor-sensitivity of various strains of virus after exposure to trypsin. 





| Inhibitory titre 
|- sina iiss siethiaamaamanet sic cnn laniinampiiiabinnii 
| Virus pretreated | 
7 ——— 
Strain | Trypsin, | | Heated* | Control 
pH 8:5, citrate | pH 8-5, citrate | | virus 
; | 2hours 18 hours | 2hours 18 hours a i - “| 
| re | ia ae | 
Newcastle disease 80 60 | 80 20 | 70 80 
Melbourne influenza A | 35 «1,600 "7 18 18 15 15 
WSE influenza A 25,000 22,000 | 48,000 160 
LEE influenza B | 4,000 45,000 50 1,200 48,000 16 
Swine influenza 120,000 | 120,000 2,500 50 
| 








* Melbourne and LEE viruses heated 55° C. 30 minutes, 
Neweastle disease, WSE and Swine 52° C. 30 minutes. 


Infectivity of Trypsin-Treated Virus. 


Treatment with trypsin seemed to provide a comparatively mild method 
of reducing the enzymic activity of influenza virus. As it was thought that this 
effect might be accompanied by relatively little modification of the other con- 
stitutents of the virus particle, it was decided to test the infectivity of virus 
after exposure to trypsin. The question of the infectivity of virus with impaired 
enzymic activity was of particular interest in view of the evidence obtained by 
Fazekas de St.Groth (1948) that influenza virus is able to infect under cireum- 
stances where enzymic activity is prevented by modification of the receptors on 
the cells with metaperiodate. 


Freshly harvested LEE allantoic fluid was dialysed through cellophane against 100 
volumes of M/150 phosphate buffer pH 7-5 in normal saline for 18 hours at 4° C. Mixtures 
were prepared as follows: (a) 0-5 ml. each of virus, 1 p.e. trypsin (crude), borate buffer 
pH 8-5 and 2 p.c. sodium citrate in normal saline, (b) 0-5 ml. of virus, 1-0 ml. of boiled 
trypsin (supernatant fluid obtained after diluting 1 p.e. trypsin with an equal volume of 
borate buffer pH 8-5, boiling for 10 minutes and centrifuging) and 0-5 ml. of 2 p.c. citrate 
saline, (ce) 0-5 ml. each of virus, normal saline, borate buffer pH 7-2 and 2 p.c. citrate saline. 

The mixtures were incubated for 4 hours at 37°C., (a) and (b) were adjusted to 
pH 7-0-7-5, then samples from all were tested for inhibitor-sensitivity and for enzymic 
activity by the techniques already described except that the receptor-destroying titration was 
modified to give greater sensitivity by incubating the virus dilutions and red cells for 2 
hours before adding antiserum. The allantoic infective titre of the treated virus was 
determined by inoculation of tenfold dilutions into groups of eight 11-day-old fertile hen eggs. 

As indicated by the results in Table 10, trypsin-treated virus, whose 
enzymic activity had been considerably impaired, also showed a significant 
reduction in infectivity. Comparing the results of virus treated with trypsin 
on the one hand and boiled trypsin on the other, a 13-fold reduction in enzymic 
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activity as estimated by one method, or a reduction of at least 48-fold by a 
second method, was accompanied by a 10-fold reduction in infectivity. On the 
basis of these experiments, however, it cannot be decided whether the enzyme is 
necessary for infection. Firstly, the reductions in enzymic activity and in 
infectivity are of the same order of magnitude, and the differences between 
them cannot be regarded as significant. Secondly, it cannot be excluded that, 
even with this mild treatment, some essential constituent of the infective particle, 
in addition to the enzyme, has been damaged. 


TABLE 10. 
Infectivity of trypsin-treated LEE virus. 


| j 2 j 

| Mucoid- 

Treatment of virus Haem- | Receptor- | Inhibitor-| inhibitory Allantoic 
| agglutinin | destroying | destroying titre with | infective 
| titre | titre ; titre |5AD of virus |titre* 1/log. 
| | | 

Trypsin, pH 8-5, citrate | 110 | <i | 6 8,000 3°5 
| 
Boiled trypsin, pH 8-5, | | 
citrate 100 48 | 80 | <100 4-6 
| 
Saline, pH 7-2, citrate | 120 60 | 80 | <100 5°4 
| 





* 50 p.e. infective titre calculated according to Reed and Muench on results after 
incubation of eggs for 3 days. 


DISCUSSION. 


The sudden disappearance of RDE which has been observed previously in 
some cultures of V. cholerae on soft agar can now be attributed to the activity 
of a second product which is only effective under alkaline conditions. It would 
appear that the variation existing between strains as to whether inactivation 
of RDE occurs spontaneously in culture is due to difference in the degree of 
alkalinity produced during metabolism, rather than to the variable production 
of the inactivator. Thus, in the case of the 4Z strain, inactivation of RDE does 
not occur naturally, but can be brought about in the agar extract by further 
incubation after raising the pH to 8-5. The addition of a calcium de-ionizing 
agent, such as citrate, aids the inactivation in the extract. 

The thermolability of the inactivator, its sensitivity to temperature and pH, 
and the logarithmic nature of its action would suggest that it is almost certainly 
an enzyme. Its properties have not been further investigated, but in view of 
the extremely high activity of trypsin against RDE under the same conditions 
of alkalinity and absence of calcium ions, the activity of the vibrio extracts can 
reasonably be accounted for by small amounts of trypsin or other similar 
enzyme. Comparative tests would suggest that the concentration in terms of 
pure trypsin was of the order of 0-001 p.e. 
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Although the proteolytic activity of V. cholerae as manifested by the 
liquefaction of gelatine is well known, the enzymes concerned do not appear 
to have been identified. The strains used in the present study caused slow 
liquefaction of gelatine. 

The striking effect of calcium ions in inhibiting the activity of trypsin on 
RDE is not in accordance with its properties as generally recognized, although 
other instances of this effect have been recorded. Thus Keeser (1931) found 
that calcium chloride inhibited the digestion of gelatine by trypsin, and Grob 
(1946) the action of trypsin on casein. 

The recognition of the existence of a trypsin-like enzyme in erude vibrio 
extracts, and of the conditions under which it destroys RDE, is of some practical 
importance in making it possible to ensure an adequate yield of RDE or, 
alternatively, to destroy this activity completely without damaging the depoly- 
merizing mucinase (Burnet, 1948a) which acts on some of the same substrates. 

In previous papers (Burnet, McCrea and Stone, 1946; Stone, 1947; Burnet 
and Stone, 1947; Briody, 1948; Anderson, 1948; Burnet, 1948b and c¢) the 
numerous points of resemblance between vibrio RDE and the enzyme associated 
with the action of influenza virus on red cells have been stressed. It is there- 
fore not unexpected that the virus enzyme is destroyed or weakened by trypsin 
under similar conditions to those which are optimal for its action against RDE. 
These conditions, alkalinity in the presence of Ca-deionizing agents, in them- 
selves accelerate sometimes very strikingly (Stone, 1948) the spontaneous 
inactivation of the virus enzyme. The additional action of trypsin on LEE 
virus is quite well marked, but relatively higher concentrations are needed than 
with RDE. 

With LEE the action of trypsin modifies the virus in much the same fashion 
as heating to 55° C. Although the haemagglutinin titre is practically unchanged, 
the enzymic activity is lost and concomitantly the capacity to be inhibited by 
typical mucoid inhibitors is acquired. This provides further support for the 
hypothesis put forward by Anderson (1947) that adsorption of virus to the 
cell is not dependent on the enzymic activity of the particle. It is also of much 
interest in showing that the inactivation of the virus enzyme by two different 
methods is associated with the appearance of the capacity to serve as an indicator 
of inhibition by mucoids. However, in view of evidence discussed elsewhere 
(Anderson et al., 1948) the simple interpretation, as adopted by Hirst (1948b), 
that the absence of inhibition of active virus results solely from its ability to 
attack the inhibitor enzymically cannot be accepted. This problem of the relation 
between enzymic activity of the virus and its capacity to be inhibited by mucoid 
is being further investigated. The incidental observations that in the case of 
Melbourne virus susceptibility to inhibition is produced by trypsin but not by 
heat, and that Swine virus may be converted into a highly susceptible indicator by 
simple treatment with citrate at pH 8-5, open up some interesting approaches 
which are at present being pursued. 
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SUMMARY. 


Spontaneous inactivation of the receptor-destroying enzyme of V. cholerae 
occurs in soft agar cultures at pH 8-9 or can be induced in agar extracts by 
incubation after adjustment to pH 8-5. A technique, developed as the result 
of this finding, is described for the preparation of agar extracts containing the 
depolymerizing mucinase of V. cholerae without the receptor-destroying enzyme. 

Agar extracts of V. cholerae contain a thermolabile factor which inactivates 
the receptor-destroying enzyme at pH 8-5 and 37°C. The kinetics of the 
reaction are those of an enzymic process. The inactivation can be inhibited 
by the addition of free calcium ions or at 4° C. 

Trypsin in extremely high dilution inactivates the receptor-destroying 
enzyme under the conditions required by the vibrio agent. Egg-white anti- 
trypsin inhibits the activity of both trypsin and the vibrio agent. 

After exposure to relatively large amounts of trypsin, the LEE strain of 
influenza B virus shows reduced enzymic activity, as tested by its ability to 
destroy either the virus receptors on the red cell or the inhibitory activity of 
mucoid. At the same time the virus acquires the capacity to be inhibited by 
mucoid in the haemagglutination reaction. 

Other strains of virus which have been tested vary in their ability to serve 
as indicators of mucoid inhibitor after exposure to trypsin. There is a general 
correspondence with their behaviour after heating at 52-55° C. 

Acknowledgment. I am indebted to Professor F. M. Burnet for his valuable advice and 
criticism during this work. 
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The characteristics of two enzymes produced by Vibrio cholerae have been 
previously described (Burnet and Stone, 1947b; Burnet, 1948b). The first was 
originally characterized by its power to destroy the agglutinability of red cells 
by influenza viruses, and has been called receptor-destroying enzyme (RDE). 
The second, which we refer to as mucinase I, was first recognized by its power 
to desquamate epithelium from pieces of guinea-pig intestine in vitro (Burnet 
and Stone, 1947a), but was subsequently shown to be a mucinase capable of 
rendering various types of glandular mucin non-precipitable by acid alcohol. 

It was found possible to treat vibrio filtrates so that they contained either 
of these enzymes alone in active form. If the filtrate is treated with an excess 
of CaClo, brought to pH 6, and heated for 30 minutes at 55° C., RDE is retained 
at full activity, but the mucinase I is destroyed. RDE can be further purified by 
adsorption to, and elution from, red cells. 

If the filtrate is alkalinized to pH 8-5, and held for some hours at 37°C., 
the RDE is completely inactivated by the action of a trypsin-like enzyme. The 
mucinase remains fully active. 

Extensive studies have been made in this laboratory of the biological 
activities of RDE (Burnet, 1948a) and it has been shown that a number of 
mucopolysaccharides and mucoproteins can serve as its substrate. So far, 
however, all methods of demonstrating RDE activity have required biological 
reagents, viruses and red cells. 

Gottschalk (unpublished) has found that the virus inhibitor activity of 
egg-white is largely or wholly due to the water insoluble ovomucin. The better 
characterized ovomucoid is inert in this respect. Ovomucin provides an easily 
accessible and very suitable material for the study of mucinolytic enzymes. In 
the present paper it will be shown that ovomucin solutions are characteristically 
precipitated by protamine and that this precipitability is destroyed by both 
RDE and mucinase. This provides the first evidence of RDE action at a strictly 
physico-chemical level. 

MATERIALS AND METHODS. 

The ovomucin was kindly prepared for me by Dr. A. Gottschalk by the method described 
by Gottschalk and Lind (1949). This is essentially precipitation of egg-white by dilution in 
distilled water. After washing the precipitate is dissolved in 5 p.c. NaCl solution to a con- 
centration of 8 mg./ml. For use in most of the present experiments this was diluted with 
4 volumes of normal saline and centrifuged to remove a proportion of incompletely soluble 





1 This work was carried out under a grant from the National Health and Medical 
Research Council, Canberra. 
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material. In the standard type of experiment an equal volume (0-25 ml.) of this ovomucin 
solution is added to dilutions of enzyme; the diluting fluid was normally saline containing 
0-1 p.c. of CaCly and buffered to pH 6 with acetate. 

Precipitation by protamine was tested for as follows: To the test mixture, 0-5 ml. in 
a tube of 1 em. diameter, one drop of protamine solution (0-1 p.c. in normal saline) was 
added and the tube shaken briskly for a moment to mix the fluids thoroughly. The develop- 
ment of the characteristic fibrous and contractile precipitate is best observed by ‘‘stroking’’ 
the bottom of the tube to induce a gentle swirl which sweeps the fibres into a small compact 
clot. Such a reaction is denoted by +-+ in the Tables. With dilution or on modification by 
enzyme action looser types of precipitate may form; when definitely fibrous but not forming 
a single compact clot they are taken as +. Precipitates in the form of granules or small 
floccules are shown as +. 

Different preparations of ovomucin showed slight variations in regard to precipitability 
by protamine mainly in regard to the ionic conditions necessary to obtain a typical clot. 

Since the ovomucin is insoluble in water all stock solutions contain NaCl solution usually 
somewhat higher than 0°85 p.c. since primary solution of the precipitated material is in 
5 p.c. NaCl. Fresh material precipitates typically in a variety of diluting media including 
phosphate and citrate saline but as it ages (1-2 days) the conditions become more critical. 
When stock material in NaCl solution is diluted with an equal volume of the salted diluent 
good precipitation in typical form occurs only in the presence of Ca equivalent to 0:025-0-1 
p-c. CaCl. The precipitate is of about equal intensity at pH 6 (acetate buffer) pH 7 and 
pH 8 (borate buffer). With CaCl. above 0-5 p.c. there is failure to precipitate. 

Another reagent that produces a similar fibrous clot and which has been used in some 
experiments is cetyl trimethyl ammonium bromide (CTAB). This was used as a 1 p.c. solution 
of ‘‘Cetavlon’’, the same technique for demonstrating the precipitate as for protamine being 
used. 

Enzyme preparations were obtained as previously described. All were derivatives of the 
V. cholerae strain 4Z. They included crude ‘‘agar filtrate’’ containing both enzymes, filtrate 
heated at pH 8-5 to destroy RDE and by heating at pH 6 in the presence of Ca to destroy 
mucinase. Eluates from red cells containing a high titre of RDE and no mucinase were 
prepared as described by Burnet and Stone (1947b). 

Specific antisera against the two enzymes had been prepared in rabbits in connection 
with previous work (Burnet, 1949a). The antimucinase sera were from animals injected 
intravenously with crude filtrates. They contained vibrio agglutinins and probably a variety 
of other antibodies but showed no trace of anti-RDE. The anti-RDE sera were prepared by 
the subcutaneous injection of high titre eluate emulsified with paraffin oil and a lanoline 
base. They showed no antimucinase activity. 

In some experiments virus inhibitor titrations have been included. These followed the 
lines previously described, the general technique being to mix inhibitor dilutions with an 
equal volume of virus diluted to 5 agglutinating doses. After 30 minutes at room temperature 
a third equal volume of 1 p.c. fowl cells had settled. In addition to the standard indicator 
for ‘‘Francis inhibitor’’ heated LEE virus, the indicator strain of Melb. M. recently 
developed by Stone has been used. This is prepared by diluting the erude allantoic fluid virus 
1:5 in citrate saline adjusted to pH 8-5 and heating at 56° C. for 30 minutes. 


EXPERIMENTAL. 


The Action of Typical Enzyme Preparations on Ovomucin. 


Serial dilutions of enzymes were made in saline buffered at pH 6-6-2 with acetate and 
containing 0-1 p.c. of CaCly. An equal volume of standard dilution of ovomucin was added. 
The racks were held in an incubator at 37° C. for 3 hours. Protamine solution was added to 
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each tube according to the technique described and the readings made according to the amount 
of fibrous clot present. Table 1 shows the result of a typical titration. The end-point was 
taken as that degree of loose fibrous clot which seemed to be midway between an unmodified 
positive reaction and a wholly negative one. 


TABLE 1. 


Action of enzyme preparalions on ovomucin as tested. 





| Dilution 
Enzyme | RDE titre | en Es Titre 
| 10 20 40 80 160 
| 
Crude vibrio filtrate | 2,000 | — — — + ++ +4 80 
Eluate 6,400 | — — — + ++ +4 120 
Mucinase <2 -- + ++ 44+ 44+ 44+ 20 
LEE (H.A. 400) — | ++ +H ++ ++ F+4+ +4 <10 


There were clearly marked differences in the degree of opacity observed in those tubes 
in which no clot was produced. The crude filtrate gave virtually limpid fluid in the first 
three tubes. The eluate showed a light opalescence and mucinase a significantly denser one. 


Action of Anti-Enzyme Sera. 

Immune rabbit sera were available which were known to be effective against RDE and 
mucinase respectively while without action on the other. The possibility that one or other 
contained antibody against other unrecognized enzymes cannot be excluded. 

In testing their action in experiments of the present type the enzyme dilutions were made 
in Ca acetate saline containing 5 p.c. of the serum required. Results with the same enzyme 


preparations as are shown in Table 1 are given in Table 2. 


TABLE 2. 
Action of immune sera on enzyme action as tcsted with protamine. 


| Titres observed in 
| 











Enzyme : - 
| Normal serum | Anti-RDE R228 | Antimucinase R148 
Crude filtrate | 120 | 70 40 
Eluate | 160 | <10 140 
Mucinase 60 80 <10 
Ca 55 filtrate | 80 | <10 100 


The results obtained in such experiments have always been as sharp as that shown and 
nothing has been observed to suggest that more than two enzymes and their corresponding 
antibodies are concerned. In the experiment shown in Table 3 the technique was similar but 
both CTAB and protamine were used to bring out the difference between the action of 
RDE and mucinase. In the Table an indication of the degree of opacity in tubes without 
clot is also given. 

It will be seen that the characteristics of mucinase action alone are destruction of clot 
with both protamine and CTAB and the appearance of a strong opacity; while with RDE the 
difference between protamine and CTAB precipitation is the striking feature. 
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TABLE 3. 
Action of crude vibrio filtrate on ovomucin in presence of antisera. 





| Titres observed in 








Test em 
Normal serum__ | Anti-RDE | Antimucinase 
| | 
Protamine clot 120 50 | 80 
Opacity —- | + | = 
CTAB clot 120 30 <10 
Opacity + ++ ac 





The potential turbidity of a preparation treated with mucinase is removed by RDE 
action and similarly ovomucin treated with RDE and therefore still precipitable with CTAB 
loses this character on subsequent treatment with mucinase. 


Sequence of RDE Actions on Ovomucin. 


Although it has been clearly shown that RDE itself is responsible for the loss of the 
capacity of ovomucin to be precipitated by protamine, this change takes place considerably 
later than the loss of virus inhibitors. 

In the following experiment serial fivefold dilutions of RDE (eluate) were allowed to 
act for ] hour at 37° C., on a standard ovomucin solution. The mixtures were then tested for 
precipitability by protamine and CTAB for inhibitors against H-LEE and T-MELB. viruses 
and by addition of KIO, to M/200 for their ability to produce NDV inhibitor. (See Burnet, 
1949b.) 


TABLE 4. 


Action of serial dilutions of RDE on ovomucin. 

















| - Precipitate with 1 ¥ Virus inhibitor titres 
Final RDE dilution] = =—~<YT—C i! | on | | NOV” 

| Protamine | CTAB | H-LEE | T-MELB. | (after KIO,) 

25 = ++ <5 <5 <10 

125 ++ ++ <5 <5 <10 

625 ++ ++ 1,500 12,000 20 

3,125 ++ a 3,000 14,000 100 

Nil ++ ++ 3,000 12,000 100 








It will be seen that total loss of actual and potential virus inhibitors had taken place 
with a concentration of RDE which has not visibly altered the precipitability of the ovomucin. 


The Absence of Action of LEE Virus on Ovomucin Precipitability. 


In these experiments the clots produced from accurately measured quantities of the 
reagents were washed several times in distilled water, dried and weighed on a micro-balance 
by Mr. H. F. Holden. 

To 0-75 ml. of stock ovomucin solution, 0-25 ml. of either: 

(a) LEE virus allantoic fluid HA titre 400; 

(b) RDE (agar extract heated at pH 6 in the presence of Ca) diluted 1:10 in normal 

saline (original titre 2,000) ; 

(c) Broth diluted 1:10 in saline with 0-044 p.c. CaClo, 


was added and the mixtures held at 37° C. for 1 hour and then left at 4° C. overnight. 
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0-25 ml. was removed from each tube for virus inhibition titrations and the remainder 
precipitated by the addition of 0°25 ml. of 0-1 p.c. protamine solution. 


TABLE 5. 


Action of LEE virus on ovomucin. 





| Virus inhibitor | 





Reagent | titration | Weights of protamine clot obtained (ug.) 
| | 
LEE virus | <20 570 584 592 Average 582 
RDE <10 | 54 
Control 3,200 539 554 598 Average 567 
| 


No difference could be seen between control and virus clots but only a small amount was 
obtained in the RDE-treated material. This was, however, of the usual fibrous character and 
could be collected and weighed. The findings shown in Table 4 indicate that the virus, despite 
its action on the virus inhibitory titre, has no influence whatever on the precipitability of the 
ovomucin. 


Influence of Ovomucin on Agglutination of Red Cells by Protamine. 


Protamine is an active agglutinin for red cells and in view of its reactivity with mucoids 
it was of interest to determine whether solutions of mucoid or mucin could be used to inhibit 
this agglutination and if so, whether the inhibitory effect was destroyed by RDE on 
mucinase I, 

The following experiment shows the type of result obtained. 2 ml. of a standard ovomucin 
solution in saline received 1 ml. of buffer containing either 40 units of RDE or an equivalent 
amount of cholera filtrate lacking RDE but containing active mucinase. After 1 hour at 
37° C. these with an appropriate control were titrated for Francis inhibitor and then using 
exactly the same technique but replacing the heated LEE virus with a 0-001 p.c. solution of 
protamine (about 7 agglutinating doses) their ‘‘protamine inhibitory titre’’ was determined. 


TABLE 6. 


Comparison of inhibitory titres of ovomucin against heated LEE virus and protamine. 





Francis inhibitor Protamine inhibitor 














Ovomucin control 2,200 12 
Ovomucin + RDE <10 14 
Ovomucin + mucinase 1,800 24 














The only effect is a slight increase in inhibitory activity, perhaps due to depolymeriza- 


tion, by the mucinase. 


Relationship of Protamine Precipitation to Removal of Virus Inhibitors. 


With the production by Stone (1949b) of the very sensitive indicator of mucoid inhibitor 
T-MELB. (MELB. strain of influenza A treated with citrate pH 8-5 at 56° C. for 30 minutes) 
it became of interest to see whether the inhibitors of H-LEE and T-MELB. were similarly 


precipitated by protamine. 


Fairly closely spaced dilutions of stock 0-1 p.c. protamine solution 
were prepared and an equal volume of stock ovomucin was added. 


The precipitate was 
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‘*developed’’ into a compact knot and the residual fluid removed and titrated: (a) for free 
protamine by its direct agglutinating on fowl red cells; (b) for H-LEE and T-MELB. virus 
inhibitors. 


TABLE 7. 
Precipitation of virus inhibitors by protamine. 
| | | Virus inhibitor titres 
Final dilution | 


} 


of protamine | Clot | Free protamine | H-LEE | T-MELB. 

| | | | — 

2 a a ++ isi, ‘i 
4 Soh one | <100 | 100 
fi ++ _ 180 600 
8 ++ | . | 550 1,400 
12 + ~ 1,100 3,000 
16 = : 1/500 6,000 
24 —- ns — 
Nil — — 1,600 | 10,000 

| | 





In this and similar experiments it was found that free protamine and free virus inhibitor 
were never found together although both might be absent from one or two tubes near the 
equivalence point. As soon as the precipitate became reduced in amount free inhibitors were 
detectable, the ratio between the two titres remaining approximately constant. 


DISCUSSION. 


Ovomucin appears to have several advantages over other mucins for studies 
of this sort in addition to its ready availability. These are its unusually high 
susceptibility to enzymic action of viruses and of RDE, and the fact that in 
addition to its virus inhibitory action it produces characteristic specific precipi- 
tates when treated with acid alcohol, protamine or CTAB. 

The most interesting feature of the present work is the demonstration that 
RDE produces changes in the substrate detectable by non-biological methods. 
In all previous work the activity of the enzyme has been measured by the 
combined use of appropriate viruses and red cells. The evidence that the loss 
of precipitability by protamine is in fact due to the action of RDE and not to 
any other uncharacterized enzyme in the preparations can be summarized as 
follows : 

(1) In filtrates heated to 55° C. in the presence of Ca ions, and in red eell 
eluates made from such filtrates (and therefore containing no mucinase I), the 
activity in destroying protamine-precipitability is parallel to the RDE titre 
as measured by its effect on red cells. Both activities are destroyed in parallel 
on heating to 60° C. 

(2) The activity is destroyed by anti-RDE serum to approximately the same 
titre as is shown by the serum against other RDE activities. 

(3) Treatment of crude filtrates to destroy RDE leaves a residual activity 
acainst ovomuein of a different type which is not neutralized by anti-RDE 
serum, but is neutralized by antimucinase serum. 
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In parallel with the change in precipitability the virus inhibitory titre of 
the ovomucin falls to zero. Although a wide variety of evidence has been 
provided to show the almost complete equivalence of the action of RDE and 
active influenza viruses such as LEE, the latter differs sharply in its action on 
the precipitability of ovomucin. Even when the virus inhibitory titre is com- 
pletely destroyed by LEE, there is no change in the appearance or amount of 
the precipitate obtained with protamine, 

It has been regularly found that crude preparations of RDE acting on 
ovomucin give a product which is not precipitated at all by protamine, the fluid 
remaining perfectly clear, while high titre eluates from red cells always leave 
a distinct opalescence in tubes in which no clot is produced by protamine. 
It was first thought that this indicated the presence of another enzyme in the 
crude material. The clearing, however, does not occur in the presence of anti- 
RDE serum, it is unaffected by antimucinase serum and it is not produced by 
filtrates in which RDE has been destroyed. The possible interpretations seem 
to be: 


1. That RDE functions more effectively in the presence of some non- 
enzymic agent in the crude material which is absent in the eluate. If 
this exists it appears to be heat labile, since boiled crude material added 
to eluate does not increase clearing. 

2. That a third enzyme is present which is quite inactive except on material 
which has already been modified by RDE. 

There is at present no experimental basis for deciding between these 

alternatives. 

The vibrio mucinase, as distinct from RDE, was defined by its ability to 
destroy the precipitability of guinea-pig intestinal mucin in acid aleohol. A 
variety of other glandular mucins were similarly affected and several other 
precipitating agents could be used to demonstrate the effect. Methods of free- 
ing vibrio filtrates from RDE without damage to the mucinase have been 
described (Burnet and Stone, 1948; Stone, 1949a). 

The action of mucinase free of RDE or ovomucin is to render it incapable 
of producing a clot with any of the available reagents. Treated solutions, 
however, develop a characteristic opacity with either protamine or CTAB. 

Interpretation of these two types of enzyme action must obviously wait on 
the development of further chemical knowledge of the mucins and of the 
products of enzyme action. Unlike ovomucoid, which has been studied exten- 
sively by Stacey and others, very little is known of the chemistry of the water- 
insoluble ovomucin of these studies. It should be stressed, however, that the 
two enzymes are both capable of producing their characteristic effects on a wide 
variety of natural substrates. Our present hypothesis is that the vibrio mucinase 
isa depolymerase which breaks down the mucin to smaller units without damag 
ing the structure responsible for virus-inhibiting action. 

The action of RDE and virus on ovomucin poses a difficult problem, 
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various aspects of which are at present under study in this institute. The 
present work defines an important difference in the otherwise extremely similar 
actions of vibrio RDE and influenza viruses (Stone, 1947), in that RDE will 
destroy the precipitability of ovomucin by protamine while none of the influenza 
viruses available show the slightest action in this respect. Work is in progress 
to obtain electrophoretically-pure RDE as a preliminary to a chemical study 
of its action on ovomucin in comparison with that of purified influenza viruses. 
Further studies by Stone on the use of different types of ‘‘indicator’’ virus to 
follow the changes produced in ovomucin by various agents are helping to clarify 
the position, but it seems inadvisable to attempt any interpretation of the 
relation between virus and RDE actions until these investigations are completed. 


SUMMARY. 


Ovomucin is a readily obtainable substrate for RDE and virus enzyme 
action. It is precipitated in characteristic fibrous form by protamine and CTAB. 

The mucinase (depolymerase) of V. cholerae destroys the capacity to 
produce a fibrous precipitate by either reagent. It has no effect on the virus 
inhibitor action. 

The receptor-destroying enzyme (RDE) of V. cholerae removes the 
protamine-precipitating capacity of the ovomucin, but leaves the ovomucin still 
precipitable by CTAB. 

Active viruses destroy the virus-inhibitor activity, but leave protamine- 
precipitability quantitatively unaltered. 

Precipitation by protamine removes all virus inhibitors in proportion to 
the degree of precipitation observed. 

Acknowledgment. I am much indebted to Dr. A. Gottschalk for preparing the ovomucin 


solutions used in this work and to Mr. H. F. Holden for the micro-weighings reported in one 
section. 


NOTE ADDED IN PROOF. 

Subsequent experiments have shown that when Newcastle Disease virus 
acts on ovomucin in the presence of phosphate buffer pH 7-4, the protamine 
precipitability is destroyed. None of the other viruses so far tested have this 
action. 
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In the course of work in this laboratory on the general theme of the action 
of the vibrio enzyme RDE and influenza viruses on components of the cell 
surface, a number of instances have been observed where the level of calcium 
ion concentration had an important influence on the reaction being studied. 

In the presence of calcium the heat resistance of RDE is increased (Burnet 
and Stone, 1947) and the temperature at which virus LEE loses its enzymic 
activity and becomes an indicator for mucoid inhibition is raised (Burnet, 
1948b). The action of RDE on mucoid in solution is completely inhibited by 
a moderate concentration of citrate and is accelerated by an excess of calcium 
(Burnet, 1948b). Its action in removing red-cell receptors is also facilitated 
by excess calcium, but is only moderately affected by the presence of calcium 
de-ionizing agents (Burnet and Stone, 1947). Finally, the destruction of 
soluble virus inhibitor by LEE virus is accelerated in the presence of calcium 
ions, and proceeds at a lower speed in the presence of Ca de-ionizers (Burnet, 
1948b). 

The present work was undertaken in an attempt to gain more detailed 
information of the part played by calcium ions in these reactions. 


MATERIALS AND METHODS. 


‘* Receptor-Destroying Enzyme’’ (RDE). 

Receptor-destroying enzyme was prepared from 1 p.c. agar cultures of V. cholerae 4Z 
strain as described previously (Burnet and Stone, 1947). Untreated agar extract is referred 
to as ‘‘erude extract’’. ‘‘Heated extract’’ is the agar extract heated at 55°C. for 40 
minutes in the presence of excess Ca at pH 6. ‘‘Eluate’’ is prepared from this heated 
extract by adsorption to red cells at 0° C. and elution at 37° C. 


Virus Strains, 

LEE-classical strain of influenza B. ‘‘Heated LEE’’ is LEE virus heated as undiluted 
allantoic fluid at 56° C. for 30 minutes. 

Viruses of the receptor gradient were standard strains that have been described previously. 
All were used in the form of allantoic fluid from chick embryos infected at 11 days. 





1 Francis Haley Research Officer, Department of Experimental Medicine, University of 
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Calciwm De-ionizing Agents. 


These reagents were diluted in normal saline and the pH adjusted to approximately 6-5 
by addition of HCl or NaOH using a universal indicator. The salts used were sodium 
fluoride, sodium dihydrogen phosphate (NaH2PO,4. 2H2O), sodium oxalate (NagC,04. 2H,0), 
sodium citrate (NagCgH;O07. 2H2O), and sodium hexametaphosphate (‘‘Calgon’’ {NaPOg3)g). 

It was found difficult to ascertain from the literature the nature of the product of the 
action between calgon and calcium. For the figures, the equivalent weight was calculated 
from the formula Nag(CagP,0;s) of one of the complexes formed. 


Semipurified Mucoid. 


Prepared from human ovarian cyst fluid omitting the final treatment with chloroform 
(MeCrea, 1949). 


Diluting Fluids. 

Normal saline (NS) — 8-50 gm. NaCl in 1,000 gm. distilled water. Calcium borate 
buffered saline (CaBBS) — 1-00 gm. CaClo, 8°50 gm. NaCl, 1-203 gm. HgBOg, 0-052 gm. 
Na2.B,0;. 10H20, in 1,000 gm. distilled water (Burnet and Stone, 1947). 

RDE Titration (Burnet and Stone, 1947). 

Serial twofold dilutions of the enzyme-containing material were made in CaBBS (unless 
otherwise stated). One volume (0-25 ml.) of 1 p.e. fowl red cells was added, the fluids 
mixed and placed in a water-bath at 37° C. for 30 minutes. One drop (approximately 0-025 
ml.) of Melbourne virus suspension containing 10 agglutinating doses per standard volume 


was then added to each tube. The racks were shaken and titres read after a further 30 
minutes at 37° C. The end-point was the usual ‘‘+’’ degree of partial agglutination. 


Virus Inhibitor Titration (as described by Burnet, 1948). 


Serial twofold dilutions of the mucoid were made in normal saline. An equal volume of 


heated LEE containing 5 agglutinating doses was added, the tubes shaken and allowed to 
stand for 30 minutes at room temperature. One volume of 1 p.c. fowl red cells (inhibitor 
sensitive) was added then the tubes shaken and the usual end-point read when the cells had 
settled. 


EXPERIMENTAL. 
The Action of RDE on Red-Cell Receptors. 


It was established by Burnet and Stone (1947) that higher titres were 
obtained when RDE titrations were performed using a buffered saline containing 
calcium than when normal saline without calcium was used. The titre in the 
presence of calcium is 2-3 times that in normal saline. These titrations de- 
pended on the destruction of red-cell receptors by the enzyme. 

The effect of Ca de-ionizing agents on this reaction was examined briefly 
by Burnet and Stone and shown to vary considerably with the anion used. In 
a further study of this point three reagents precipitating Ca—fiuoride, phos- 
phate and oxalate—were used, and two—citrate and calgon (sodium hexameta- 
phosphate )—which de-ionize by forming soluble compounds. 


Dilutions of the de-ionizers were made up in normal saline and the pH adjusted to 6-5, 
this being close to the optimum for RDE action (Burnet, 1948b). Parallel titrations in 
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normal saline were performed throughout. Crude extract was first used as a source of RDE 
since it contained no added Ca but experiments showed the general picture was the same with 
heated extract or eluate. Eluate was used for the final experiment. Serial twofold dilutions 
of RDE were made in the various solutions and an equal volume of 1 p.c. fowl red cells added. 
The titration was then performed in the standard way at 37° C. 

An extensive series of experiments showed 
that the activity of the de-ionizing agents 
increased in the order—fluoride, phosphate, 
oxalate, citrate, calgon. In Fig. 1 is shown 
a representative set of results plotted on a 
logarithmic scale. Several repetitions have 
given essentially similar results with some 
variation in the slope of the curves. The 
extreme activity of calgon in inhibiting the 
reaction has been consistent. 

These results suggest that Ca ion 
concentration. is signjficantly con- 
cerned in the destruction of receptors 
by RDE. Previous experiments and 
others made during the present work 
have shown that reagents nominally 
free from calcium gave results only 
a little lower than those with optimal 
Ca ion. Inhibition requires an active 
Ca de-ionizer, particularly one which 
R n . . produces a soluble compound rather 
25 50 75 100 ae ; 

CONCENTRATION (milliequivalents/litre) than a precipitate. The Ca a Com 
centration necessary for the enzyme 
Fig. 1. Effect of Ca de-ionizers on the action must be extremely low and it 


action of RDE on red-cell receptors. was first thought that the action of 


IT. Sodium hexametaphosphate, II. Sodium : ° 
citrate, III. Sodium coaiohe. IV Sodium citrate and calgon might be due to 


phosphate, V. Sodium fluoride. their penetration into the red cell 

with inactivation of Ca ion associated 
with the receptors. This suggestion was tested in experiments of the following 
type. 
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Red cells obtained by defibrinization, instead of the usual method in citrate, were washed 
twice in normal saline and suspended in the solutions of de-ionizing agents as shown. They 
were allowed to stand overnight in the refrigerator and then centrifuged. The cells were 
washed three times in normal saline and made up to a 1 p.c. suspension in normal saline. 
Ca-free RDE was titrated in normal saline and in CaBBS, using these cells and normal 
untreated cells as a control. The titre in normal saline of RDE was not reduced with the 
treated cells (Table 1). It appears, therefore, that it is impossible to modify the reaction 
significantly by pretreatment of red cells with active de-ionizers. 

Further experiments were planned to study the influence of the most active de-ionizing 
agent, calgon, on the successive stages of adsorption of RDE to the receptor, elution of RDE 
and destruction of the receptor. These were based on the method used by Burnet and Stone 
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(1947) for the preparation of RDE eluate. Im this, cells are exposed at 0°C. to RDE 
(heated extract) at pH 9 and immediately centrifuged. The red cells are washed quickly 
with chilled saline and the final deposit of packed cells emulsified in a suitable volume of 
Saline containing 0-1] p.c. CaClo and buffered with acetate at pH 6. Elution into this 
solution is allowed to take place for one hour at 37° C. 


TABLE 1. 


Pretreatment of red cells with calcium de-ionizers. 





RDE titre 
Treatment of cells . ee 
Dilutions in NS | Dilutions in CaBBS 
Untreated 480 960 
Normal saline 480 960 
Calgon M/60 480 750 
Citrate M/60 480 960 
Phosphate M/20 480 750 


Preliminary experiments showed that the use of material at pH 9 made titrations 
difficult and the experiments were made throughout at pH 7. The general pattern of the 
experiments was to carry out the process (a) in normal saline, (b) in saline containing 
M/60 calgon and to titrate the RDE activity of the first supernatant—i.e. extract adsorbed 
in the cold with red cells, the washing fluid and the final eluate. In addition the degree to 
which receptors had been removed from the red cells was also tested using the series of 
viruses described by Burnet, McCrea and Stone (1946). The presence of calgon in the 
experimental mixtures did not interfere with RDE titrations if all subsequent dilutions were 
made in CaBBS and this procedure was used throughout. The following experiment is 
typical of the four undertaken. All reagents and apparatus used were thoroughly chilled 
before commencing the experiment. 


TABLE 2. 


Reduced adsorption of RDE to red cells in the presence of calgon. 


| 
RDE titre 


Treatment in Calgon 


| 
| Treatment in NS M/60 
aeieee 
Original 240 240 
Supernatant | 12 110 
Washing 10 60 
Eluate 200 40 


At 0° C. heated extract was diluted 1:4 in normal saline and in M/60 calgon. To 8 ml. 
of each in centrifuge tubes was added 0-8 ml. of fowl red cells thus making a 10 p.c. 
suspension, The tubes were rapidly centrifuged and the supernatant fluid (‘‘supernatant’’) 
replaced by 8 ml. of normal saline, or M/60 calgon and centrifuged again. The washings were 
removed, replaced by 8 ml. of similar fluids, mixed and the tubes placed in a water-bath at 
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37° C. for an hour. It was found that, after the cells had been in the water-bath for 5 
minutes the same amount of RDE had eluted as after one hour. The longer time was used 
as a standard to ensure maximum action. After further centrifuging the supernatant fluid 
(‘feluate’’) was removed and both lots of cells washed twice in normal saline and made up 
to 1 p.c. suspensions in normal saline. 

It is evident from Table 2 that, in the first stage of the process, 97 p.c. of 
RDE in saline is adsorbed to the red cells and only about 55 p.c. of the RDE 
in calgon. When the cells are re-emulsified in the same fluids in the process 
of washing, it appears that a similar distribution of RDE between cells and 
fluid again takes place. 

The simplest interpretation is that in both cases an adsorption equilibrium 
is reached, calgon shifting the equilibrium against adsorption. Direct evidence 
for this is obtained by experiments in which, after adsorption in normal saline, 
a washing fluid of M/60 calgon is used. Table 3 shows how a large proportion 
of the adsorbed enzyme is immediately liberated. 


TABLE 3. 
Release of adsorbed RDE on addition of calgon 











| | 
Diluent | RDE titre | Diluent | RDE titre Diluent RDE titre 
| - 
. | | | _ 
Original NS 85 | ealgon = | 85 | NS 85 
Supernatant NS | 3 | ealgon | 50 | NS 3 
Washing | NS | 4 | calgon | 21 | | calgon 53 


The cells obtained after the completion of the experiment illustrated by Table 2 were 
tested with 5 agglutinating doses of the standard series of viruses with the results shown in 
Table 4. Where cells were constantly exposed to M/60 calgon, the only action of RDE was 
to remove the NDV receptors. This finding was consistent in all such experiments. 


TABLE 4. 


Reduction in receptor destruction in the presence of calgon. 





Reaction with 5 agglutinating doses of virus 


Treatment of cells} NDV | MEL | WSE | BEL Sw | LEE |MILB| NS 








Untreated ++ ++ | oe | oo ++ +4 +4 _— 
RDE in NS —_— _ —- | — | — — trace — 
| ++ | ++ | +4 |] +4+ [1 - 


RDE in calgon — ++ +4 
| 


In order to show that the failure to destroy receptors beyond this level was not due 
merely to the small amount of RDE initially adsorbed, a similar experiment was performed 
in which a comparison was made between RDE acting in the presence of calgon and a smaller 
amount of RDE in normal saline. The amounts were adjusted so that approximately the 
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same absolute adsorption took place in each sample. Table 5 shows that, as would be 
expected, destruction of receptors in normal saline was more extensive than in the calgon 
experiment. 


TABLE 5. 


Inhibition of receptor destruction in presence of calgon using equivalent amounts of RDE. 


| 
RDE titre | No. of | No. of | 
Diluent | | units | units | Receptors destroyed 
Origi- | Super- 1 Wash- | | ad- | col- | 
| nal | natant| ing | Eluate | sorbed | lected | 
| | 
NS | 100 | 3 3 | 3 90 97 93 | NDV, MEL, WSE, BEL 
| 
Calgon |} 240 | 110 40 | 130 | 100 NDV 





In a further experiment along the same lines adsorption and washing were done in 
norma! saline in duplicate. One set of cells was then placed in M/60 calgon to elute, the other 
in normal saline. Results are shown in Table 6. It is evident that most of the receptor 
destruction takes place in the phase of elution at 37° C., the destruction being less extensive 
in the presence of calgon. 

TABLE 6 


To show the stage at which receptor destruction by RDE occurs. 








Diluent RDE titre Diluent RDE titre 


Original NS 240 NS 240 
Supernatant NS 12 NS 12 
Washing NS 10 NS 10 
Eluate calgon 160 NS 200 
Receptors destroyed NDV MEL NDV, WSE MEL, BEL, SW, LEE 








The results of the above experiments show that, in the presence of calgon 
and acting first at 0° C., then at 37° C., RDE produced receptor damage equiva- 
lent to the loss of reactivity with NDV only. When the whole sequence was 
carried through at 37° in M/60 calgon, no receptor destruction whatever was 
observed. 

As a working hypothesis it was assumed that, in the presence of calgon, 
RDE was much less readily adsorbed to the cell receptor and that the adsorp- 
tion was reduced to negligible levels as soon as the modification corresponding to 
loss of ‘NDV receptor’ took place. In the cold, adsorption and (to this extent ) 
enzymic action occurs, but at 37° C. the amount is insufficient to allow even this 
action. On this hypothesis, cells from which ‘‘NDV _ receptors’’ had been 
removed should adsorb little or no RDE in the presence of calgon at 0° C. This 
was found to be the case. 
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Red cells were emulsified in high titre NDV allantoie fluid and incubated at 37° C. for 2 
hours. They were centrifuged, washed in normal saline and centrifuged again. These cells 
were stable to NDV but agglutinable by other viruses. RDE was adsorbed in the cold to 
these NDV-treated cells and to normal cells in the presence of calgon. Considerably less 
RDE was adsorbed to the NDV-treated cells (Table 7). 


TABLE 7. 
Percentage of RDE adsorbed to red-cells at 0° C. 


| 
Diluent Normal cells | NDV-treated cells 


| 3 
| | 

NS | 93 p.e. | 80 p.c. 
| | 

Calgon | 47 p.e. 15 p.e. 


If other Ca de-ionizing agents were used in experiments of the same general type as 
that shown in Table 4, the degree to which cell receptors were modified varied according to 
the anion. As would be expected, the more active the anion in quantitatively reducing RDE 
action (see Fig. 1) the less the extent of qualitative change in the reactions of the cells to 
the viruses of the receptor gradient (Table 8). 


TABLE 8. 


Receptor destruction in the presence of calcium de-ionizing agents. 








Reaction with 5 agglutinating doses of virus 


Diluent | ‘ 
| NDV MEL WSE BEL | SW | LEE | MILB NS 
| 

Normal saline | — | _ | a | o— —_ | _— | — _— 
Calgon M/60 | — | ++ | ++ | +4 | ++ | ++ | +4 +4 - 
Citrate M/30 = | — Ff £ ++ ++ T+ | tt — 
Oxalate M/20 | — | — | — | — — | ++ | ++ a 
Fluoride M/10 | — @ | at Ge a | Me | a aa 


Reactions with phosphate M/10 obscured by precipitation. 


The Action of RDE on Mucoid Inhibitor. 


It was shown by Burnet (1948b) that RDE destroyed the virus inhibitor 
present in cyst mucoid, the destruction following a logarithmic course. The 
action had a pH optimum around 6 and was completely inhibited by citrate. 

The inhibitory effect of all the de-ionizing agents was tested as follows. Cyst mucoid 
was dissolved in distilled water, and varying concentrations of the Ca de-ionizers made up in 
normal saline and the pH adjusted to 6-5. 

RDE in the form of heated extract was diluted in normal saline to give a final dilution 
of 20 units. To small test tubes were added 0-25 ml. of mucoid substrate, 0-25 ml. RDE 
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and 0-5 ml. of the de-ionizing agents. These were incubated at 37° C. for one hour, boiled 
for one minute to stop the enzymie activity and then the virus inhibitor titre estimated by 
the standard method. Controls of eyst mucoid with no enzyme, and cyst mucoid with the 
enzyme acting in normal saline were treated similarly. It was found that the inhibitory 
titre of cyst mucoid was not altered by incubation with strong concentrations of Ca de-ionizing 
agents. 
’ , : 1 4 

The velocity constant k, of the standard formula k= ; 1g ax! being expressed 
in hours, was calculated for RDE action on cyst mucoid in various diluents. In order to 
have all conditions comparable, the whole group of experiments was done on one day and the 
velocity constant calculated only from the reduction in titre after one hour at 37°C. When 
used in a concentration of 100 milliequivalents/litre all the Ca de-ionizing agents tested 
completely inhibited the action of 20 units of RDE on 2,500 inhibitor units of mucoid for one 
hour. This concentration was in most cases insufficient to inhibit completely the action of 
RDE on the red-cell receptor. The same order of inhibitory power was shown by the Ca 
de-ionizing agents (Fig. 2). 
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25 30 75 100 25 12.5 6.25 3.13 1.57 
CONCENTRATION (millicquivalents/litre) CONCENTRATION (milliequivalents/litre) 
Fig. 2. Effect of Ca de-ionizers on the Fig. 3. Effect of Ca de-ionizers on the action of RDE 
action of RDE on mucoid inhibitor. on mucoid inhibitor, 
I, Il, Ii, IV, V, as for Fig. 1. I, Il, II, IV, V, as for Fig. 1. 
Fig. 3 shows the same results with k values plotted against salt concentration expressed 
logarithmically. 


Neutralization with Calcium. 


All effects produced on the enzyme action by Ca de-ionizers were readily 
neutralized by addition of Ca. A small amount of Ca-free RDE was incubated 
with 2 p.c. red cells for one hour at 37° C. in the presence of calgon and citrate, 
and in these de-ionizers with excess calcium chloride. The inhibitory effect was 


neutralized (Table 9A). 
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TABLE 9. 
Neutralization of effect of de-ionizing agents with calcium. 


A. Receptor Destruction by RDE. 


| | | | 

















| a: : ei 
Diluent | NDV| MEL | WSE|BEL | SW | LEE |MILB| NS 
| | | | | | | 
| | | 
Normal saline — |j/—-—-/]—- ++ ++) ++] ++ | ia 
0-05 p.e. ealeium — |— — —/}/—-—-j— aes | _ 
Calgon M/500 ++) ++] 4++)4++) +4+/)4+4+/44+!/ — 
Calgon M/500 + 0-05 p.e. Ca — |—}]— — | — —_ in — 
Citrate M/300 +> | ++ |] ++) 44+) +4+/44+/)44+/ —-— 
Citrate M/300 + 0-05 p.c. Ca —- |- _- —-/—-—-{- —/i— 
a | tL | | 
B. Destruction of Mucoid Inhibitor by RDE. 
7 ; soene semen 
Diluent | k 
Ca M/50 1-9 
Caigon M/200 0 
aan Calgon M/200 + Ca M/50 2-0 
Citrate M/60 0 
Citrate M/60 + Ca M/50 1-9 


t 


Similarly, the retarding effect of Ca de-ionizers on the action of RDE on the 
virus inhibitor was counteracted by the addition of calcium. k values are shown 


in Table 9B. 
The Effect of Ca De-ionizers on the Activity of LEE Virus. 


It has been shown that RDE and the virus enzyme are essentially similar 
——. (Anderson, 1948; Briody, 1948; Burnet, 1948a and b; Burnet, McCrea and 
Stone, 1946; Burnet and Stone, 1948; Stone, 1947). Citrate reduces the action 
of virus LEE on the mucoid inhibitor (Burnet, 1948b). Elution of virus from 
the red-cell is enhanced by calcium, unaffected by phosphate and fluoride, and 
inhibited somewhat by oxalate, citrate and calgon (Briody, 1948). 

Agglutination of red-cells by the virus LEE was not significantly affected 
by the presence of calcium de-ionizing agents. 

The influenza B virus LEE is more active than any other of the standard 
strains in destroying virus inhibitor in cyst mucoid (Burnet, 1948b). This 
virus in the form of freshly harvested allantoic fluid was used for a more 
detailed study of the importance of Ca ions in the reaction. 

Experiments were performed with cyst mucoid diluted in normal saline, and in calcium 
de-ionizers with a final concentration of 100 milliequivs./litre. A standard amount of virus 
was added, at zero time, to diluted cyst mucin and placed in a water-bath at 37°C. At set 
time intervals, one ml. was removed and boiled for one minute to destroy the enzyme. The 
control, with no virus, was incubated for the longest time, one hour, and boiled. The 
inhibitory titre of the samples was estimated, k values calculated for each time interval 
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and averaged. Usually virus was used in a final dilution of 10 aggiutinating doses and the 
kyo value or velocity constant with 10 agglutinating doses of virus caleulated. The k values 
for other amounts of virus were adjusted to k,9, the speed of reaction being proportional 
to the concentration of the virus (Burnet, 1948b). The effect produced on the k value by 
removal of Ca ions is shown in Table 10, each value being the average of the results of three 
experiments. 


TABLE 10. 


Effect of Ca de-ionizers on enzymic activity of LEE virus 
on cyst mucoid. 


Diluent | 
(100 milliequivs. per litre in NS) | kyo 


| 


Normal saline 2°5 
Calgon 1:3 
Citrate 1-9 
Oxalate 2-0 
Phosphate 2-0 
Fluoride 2-4 


The action of RDE on cyst mucoid is completely inhibited by such concen- 
trations of Ca de-ionizing agents, whereas complete inhibition of the action of 
LEE virus does not occur. 

Calcium ions may be re- 
moved from the substrate by 
dilution in de-ionizing agents. 
In an attempt to remove all 
Ca from the virus prepara- 
tion, allantoic fluid virus was 
treated with calgon M/60, 
and dialysed through ‘ 
phane’’ against distilled 
water for 24 hours. Ten 
agglutinating doses of the 
virus were allowed to act on 
eyst mucoid diluted in } 1 } I 
CaBBS, normal saline and TOS (hours) 
calgon M/60. A similar ex- Fig. 4. Action of untreated and dialysed LEE virus 
periment was performed us- on the mucoid inhibitor. 


ine untreated allantoic fluid a. Diluted in normal saline. 
= Sasrine ge a b. Diluted in CaBBS. 
virus. It is seen from Fie. 4 c. Diluted in calgon M/60. 


that untreated virus con- 

tained enough Ca for the virus to act at an optimal level, additional Ca not en- 
haneing the reaction. In the presence of calgon the reaction was slowed but 
not inhibited completely. On dialysis, the activity of the virus was reduced. 
The reaction rate was increased by addition of Ca and still further reduced by 
ealgon. 


1280 , UNTREATED 


DIALYSED 


R TITRE 


VIRUS INHIBITOS 


‘eello- 
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DISCUSSION. 


Throughout the work in this laboratory on the haemagglutinating action 
of influenza viruses and related topics the importance of Ca ion concentration 
has been evident. RDE is much more resistant to heat inactivation in the 
presence of Ca and the destruction of enzymic activity in influenza viruses is 
similarly influenced. The optimal activity as enzymes of both agents is also 
shown in the presence of about 0-1 p.c. CaCle. 

The present experiments indicate that the influence of Ca ion concentration 
is primarily on the adsorption between the enzyme or its carrier and the sub- 
strate. All the experience of other workers in this laboratory points to the 
essential identity as enzymes of the soluble RDE and the enzymically active 
groupings of the virus particles. The differences are concerned with the adsorp- 
tive processes required to bring enzyme and substrate into effective contact. 
A virus enzyme can only function when the virus can be adsorbed to the cell 
receptor or an equivalent soluble substrate. If the virus is one early in the 
gradient, the enzyme may from other sources be known to be highly active, but 
it can have only so much action on the cell receptor as is sufficient to destroy its 
adsorptive affinity for the virus. RDE acts as a soluble enzyme, requiring only 
the preliminary adsorption to its substrate necessary for its specific action. 

The results reported are in accord with the simple interpretation that 
RDE-substrate union is dependent on the presence of a certain low concentra- 
tion of free Ca ions. This must be qualified slightly in the sense that a minimal 
adsorption to intact receptor substance takes place at 0° C. Modification of 
the receptor to an extent equivalent to its loss of power to adsorb NDV is 
sufficient to eliminate all action of RDE in the absence of Ca. With a soluble 
substrate no action at all is detectable unless an appreciable concentration of Ca 
is present. This probably means that the disposition of receptor substance on 
the cell surface renders it more accessible to enzyme union than is the case with 
soluble substrate. 

The relatively insignificant action of Ca de-ionizers on the enzymic activity 
of the viruses is interpreted to mean that virus-receptor or virus-inhibitor unions 
are uninfluenced by lack of Ca. Once specific adsorption has taken place enzymic 
action follows, 

Although a number of enzyme actions, e.g. that of the lecithinase of 
Cl. welchii, are known to require Ca, there appears to be no suggestion in the 
literature as to the nature of the Ca effect. The present demonstration that in 
one instance at least the absence of Ca inhibits the primary enzyme-substrate 
union may offer some approach to this general problem. 
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SUMMARY. 


The influence of calcium de-ionizing agents on the action of RDE and 
influenza viruses on cellular and soluble mucoid substrates has been quantita- 
tively studied. 

The action of RDE on red cells is relatively resistant to the action of 
calcium de-ionizers which are increasingly effective in the order fluoride, phos- 
phate, oxalate, citrate and hexametaphosphate (calgon). The action of these 
anions is to weaken the adsorption (and hence the extent of action) of the 
enzyme to the red-cell receptors. 

The destruction of virus inhibitory power of semi-purified mucoid by RDE 
is more actively inhibited, the order being the same. 

Influenza virus action on mucoid in solution is much less inhibited. All the 
effects of anions which de-ionize calcium can be neutralized by adding an 
appropriate excess of calcium ions. 


Acknowledgment. I am indebted to Professor F. M. Burnet for his suggestion of the 
subject and guidance throughout this work. 
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Rheology is the study of the flow and deformation properties of all types 
of matter, but the term is usually restricted to those materials which behave in a 
fashion intermediate between solids and liquids. Mucinous materials belong 
to this group of substances, and their functions are largely related to such 
properties. The lubrication of joints and bursae, the elimination of foreign 
material from the bronchial tree (Florey, Carleton and Wells, 1932), and the 
iubrication of solid faeces in the colon are well-recognized examples. Recently 
the introduction of rheological methods for the determination of oestrus in 
cattle (Seott-Blair, 1941) has been extended to the field of human gynaecology 
(Clift, 1945-6). 

One of the rheological properties of glandular mucus is its ‘‘stringiness’’. 
Florey and Harding (1934) mention different degrees of ‘‘stringiness’’ of the 
duodenal mucus obtained from different animals, and Scott-Blair and Clift 
use this property of cervical mucus as an aid in the determination of the time 
of ovulation. 

This fibre-forming capacity of certain liquids has been called spinnbarkeit 
by Erbring (1936a, b, ¢), who devised a simple apparatus for measuring the 
fibre-length formed under standard conditions. 

At the present time much of the work of this laboratory is concerned with 
the relationship between the viruses of the mumps-influenza group and the muco- 
polysaccharides which are capable of acting as inhibitors of virus haemagglutina- 
tion and as substrates for their enzymic activity (Burnet, 1948, a, b). It was 
thought that as part of a general study of the biological aspects of ‘‘mucins,’’ 
and particularly of their modification by enzyme action, rheological methods 
should be developed and exploited. Spinnbarkeit appeared likely to be a 
property which could be accurately measured, and which would be destroyed by 
any de-polymerizing enzyme. Aang glandular mucins are more relevant 


‘1 This work was dene uniee the tenure of a Gorden Craig Scholarship of the Royal 
Australasian College of Surgeons. 
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to our main interest, it was thought advisable to explore the potentialities of this 
method with material (synovial fluid) susceptible to a well-studied group of 
enzymes (testicular hyaluronidase). 

This paper describes a method of using spinnbarkeit measurements to 
estimate the de-polymerase activity of hyaluronidase and similar enzymes, and 
presents the results of experiments with testicular extracts. 
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— / Fig. 2. Electrical circuit of recording apparat 
™“ - R,; = 5 meg.ohms. V; = 6L6. 
. Rs = 100,000 ohms. lo = 80. 
I ul Rz = 15,000 ohms. P.E. = Pen electromagnet 
C, = 8 vfd. A = Brass rod. 
Fig. 1. Diagram of apparatus. For description see text. Co = 10 ufd. D = Brass plate. 


MATERIALS AND METHODS. 
Apparatus, 


The principle of the apparatus, based on that of Erbring (19364), is to measure the 
’ material can be drawn at a standard velocity before 
it breaks. The instant of rupture is recorded by making the fluid fibre part of an electrical 


length to which a fibre of ‘‘spinnbar’ 


circuit, breaking of which activates a pen writing on a suitable moving surface. 

The driving force is supplied by a 3 H.P., D.C. motor geared to obtain the requisite 
range of speed. A clutch is incorporated to enable the motor and gear system to be left 
running; then, at the appropriate moment, the apparatus itself is set in motion by engaging 
the clutch. 

The motor drives a drum, Fig. 1, with a circumference of 23-5 em. on to which is wound 
a linen thread (N); this passes over a pulley (R) and downwards to the movable rod. 

The rod (A) of silver plated brass is 6-3 mm. (0-25 inches) in diameter and 12 em. 
(4-7 inches) long. It travels vertically along a glass tube (B) 2°52 em. (1 inch) in 
diameter and is kept in the centre of this tube by two ‘‘guards’’ (G, and Gs). Each guard 
has four prongs (Fig. la) and in one prong of each a notch is cut (X); this engages a wire 








paratuy 


magnet. 
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passing vertically along the inner side of the tube and prevents axial rotation. A carrier (C) 
embraces the rod and is so arranged that the stage of initial acceleration of the gears and 
drum, after the clutch is engaged, has passed before the rod begins to move (Fig. 1b). The 
inertia of the rod is small relative to the momentum of the rest of the apparatus; its period 
of acceleration is therefore very small and can be disregarded. 

As the recording paper (P) is also fixed on the circumference of the drum, its linear 
velocity is the same as that of the rod; the line drawn on the paper, therefore, is a direct 
measure of the fibre length (spinnbarkeit). 

An electronic recorder (Fig. 2) activates a pen at the instant the fibre ruptures. With 
the valve used (6L6) no current flows in the anode circuit when the grid potential is — 30 
volts, as occurs when the fluid is included in the circuit; the condenser (C) is charged within 
0-8 seconds. When the grid circuit is broken at the moment of rupture of the fibre the 
valve conducts strongly, discharges C through the pen solenoid with an impulse current of 
80-85 m.A, sufficient to operate the pen. The time of this reaction is of the order of 0-001 
seconds. 

A sample of the fluid (0-25 ml.) to be tested is placed on a silver-plated brass plate (D) 
arranged in position beneath the vertical rod. By means of a stop (8S), on which the lower 
guard (G.) rests, the lower end of the rod is kept at such a distance from the plate that the 
fluid wets only its end. The fibre is formed as the rod is drawn away from the plate; its 
rupture actuates the pen. 

In taking a series of readings, the paper is gradually moved along the drum up the 
vertical line YY, the relative positions of the rod and pen being kept constant by an arrow 
(Z) on the paper. A base line is obtained by using water (spinnbarkeit = O) as the fluid 
for the initial and final readings on every sheet of kymograph paper used, and joining the 
marks so obtained; then the vertical distance between this base line and the mark made by 
the pen at the instant of rupture, is the spinnbarkeit value of the fluid. Three recordings are 
made with the same sample of fluid, and the results are averaged. 


Substrate. 


Bovine synovial fluid was obtained from the abattoirs in pooled lots and centrifuged 
immediately at 3,500 r.p.m. for one hour to remove the bulk of the cellular debris. The 
supernatant fluid was pipetted off and stored at 4°C. This was dialysed under pressure 
against running tap water overnight at room temperature, and the dialysed material used as 
the substrate in subsequent experiments. As a rule, this material kept its spinnbarkeit for at 
least a week if stored at 4°C. Ageing of the fluid with loss of spinnbarkeit, is hastened by 
repeated cooling and thawing, by overmuch handling (e.g. pipetting) and by bacterial 
contamination. 


Hyaluronidase. 


I am indebted to Dr. J. F. McCrea for the sample of testicular hyaluronidase employed 
in these preliminary experiments. This was prepared by the method of Madinaveitia and 
Quibell (1940) and was stored as a dry powder in vacuo over concentrated H,SO,4. Stock 
solutions in saline of 1,000 wg. per ml. were made up and maintained their potency for 
several days: no solution was, however, kept for more than three days. 


Miscellaneous, 


1. Saline. 8-50 gm. NaCl in 1,000-0 gm. distilled water. 
2. Mellvaine’s buffer. Made up with 0-2 M NagHPO, and 0-1 M citric acid. 
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EXPERIMENTAL. 


Factors AFFECTING SPINNBARKEIT OF BovinE SyNoviAL Fiun. 


Velocity of Formation. 


As Erbring has shown (Erbring, 1936a) fibre length is directly proportional to the 
velocity of formation of the fibre. This has been confirmed and is illustrated in Fig. 3 
using dialysed bovine synovial fluid at dilutions of 1:3 and 1:6. For any comparative studies, 
therefore, the velocity must be kept constant. 

Area of the Rod. 


70 
Preliminary experiments 


showed that fibre length does 
depend on the cross sectiona) 
area of the rod. This was unim- 
portant in the present study, 
however, as the same rod was 
used for all determinations. 


60 


w 
2 


Temperature. 


FIBRE LENCTH (mm.) 
e 
2 


Owing to the somewhat cum- 
bersome nature of the appara- 
30) tus temperature control pre 
Il sented considerable difficulties. 

As an arbitrary observation, it 
on . i was noted that fluids tested 
8 9 10 11 12 1) immediately on removal from 

VELOCITY OF FORMATION (cm.sec.~}) the refrigerator have a longer 

Fig. 3. Effect of velocity of formation on fibre length. fibre, and those removed from 

I = Bovine synovial fluid 1:3. the incubator or water-bath at 

II = Bovine synovial fluid 1:6. 37°C. a shorter fibre, than 

those at room temperature. 

Provided, however, that during a comparative experiment the room temperature remains 

reasonably constant, and the fluids are allowed to stand until they approximate to room 
temperature, reproducible results are easily obtained. 








PH of the Fluids. 


Using equal volumes of dialysed bovine synovial fluid and a series of MclIlvaine’s buffer 
solutions, the fibre length was found to be constant between pH 5-9 and 8-0; the final pH 
of the reacting mixture was estimated by a glass electrode method. At pH 5-0 the fibre 
length had fallen to 92 p.c. and at pH 4-5 to 50 p.c. of the original. 

Below pH 5 the fluid becomes turbid. 


Ionic Concentration. 


The fibre length of dialysed bovine synovial fluid is influenced by the concentration of 
NaCl. It is, however, constant between values of 0-7 M and 0-042 M. At lower concentra- 
tions (0-01—0-02 M NaCl) the spinnbarkeit value rapidly increases; this recalls the observa- 
tion of Hadidian and Pirie (1948a) that the viscosity of hyaluronic acid solutions is 
influenced in a similar manner by ionie concentration. 
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Concentration of the Polysaccharide. 

The non-linear relationship between the viscosity of muco-polysaccharide fluids and their 
concentration has been demonstrated (Hadidian and Pirie, 1948a; Ragan, 1946). A similar 
type of curve was obtained by plotting dilution against fibre length for various mucinous 
fluids (Fig. 4). As a general rule, a dilution of 1:2 reduced the value to about one-third to 
one-quarter of the original. Beyond this, the curve is regular over a fairly wide range, and it 
is this part of the curve that is used, therefore, in estimating enzymic activity. 


16 


lu 


14 


FIBRE LENGTH (cm.) 








0 2 l 8 16 32 64 126 256 
DILUTION 
Fig. 4. Effect of dilution with saline on fibre length. 


I = Human synovial fluid. 
II = Bovine synovial fluid. 


III = Rabbit duodenal fluid. 


Tue DepoLYMERASE Activity OF TESTICULAR HYALURONIDASE. 
Titration of Depolymerase Activity. 
Twofold dilutions of testicular extract made up in saline were incubated for 20 minutes 
at 37°C. in 0-25 ml. lots, with 0-25 ml. of saline and 0-25 ml. of dialysed bovine synovial 
fluid. Table 1 shows a typical titration, the end-point being that amount of the extract which 
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= 


reduces the spinnbarkeit of the fluid to half its original value in 20 minutes; in this instance 
0-625 ug. ml.—1, 














TABLE 1. 
Amount of extract, i | os | ey | a | | | | 
ug. ml.-1, |} 0} 10|}5 | 2-5 | 41-25] 0-625 | 0-317 | 0-16 | 0-08 
. .. f 4 | | | 
Fibre length mm. | 47 | 2,3|5 16 23 | 32 | 3 | 42 


Woot tf | | | | | 


The control consisted of two volumes of saline with one volume of synovial fluid. 

The choice of twenty minutes as the time allowed for reaction is an arbitrary one. The 
course of the reaction in some typical mixtures is shown in Fig. 5, where residual fibre length 
is plotted against time. At concentrations of 1-00 wg. ml.—! and 0°50 wg. ml.-1 enzyme action is 
complete in twenty minutes, a result which is paralleled by the observation of Swyer and 
Emmens (1947) with regard to viscosity measurements. A twenty-minute incubation has the 


304 


xX 
°o 
4 


104 














TIME (minutes). 


Fig. 5. Effect of enzyme concentration on reduction of fibre length. 
I = 0-25 wg. ml.—1 testicular hyaluronidase. 
Il = 0-50 ug. mi.—! testicular hyaluronidase. 
III = 1-00 wg. ml.—| testicular hyaluronidase. 
Horizontal dotted line = half length (17 mm.). 
Vertical dotted lines = time taken to reach half length. 
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added advantage that it is the time used in other tests for hyaluronidase activity and therefore 
readily allows comparative experiments to be performed. 

Fig. 5 also shows that the time taken to reduce the fibre length to half its original 
value is inversely proportional to the concentration of enzyme, a well known principle of 
enzyme kinetics and in agreement with the viscosimetric findings originally introduced by 
Madinaveitia and Quibell (1940) and later used by McClean and Hale (1941). 


The Influence of Ionic Concentration on Depolymerase Activity. 


The variation in apparent titre at different concentrations of NaC! is set out in Table 2. 
For this experiment one volume of dialysed bovine synovial fluid was incubated for 20 
minutes at 37° C. with one volume of NaCl at varying molarities (as shown in Table 2) and 
one volume of testicular extract in a series of twofold dilutions made up with the appropriate 
salt concentration. The molarity figures given in the Table refer to the final salt concentra- 
tion of the reacting mixture, calculated by assuming that the ionic concentration of the 
dialysed bovine synovial fluid is negligible. 


TABLE 2. 
| Amount of hyaluronidase ug. ml.-1 || Apparent 
Molarity of |/- - || titre 
NaCl {| | 10 | 5 2°5 1-25 | 0-625|0-317| 0-16 | 0-08 || wg. ml-! 
|| | | | | | | | | || 
0-66 | 48 | 3 | 18 | 28 | 36 | 39 | 38 | 39 | 46 || 3-50 
0-33 |} 45 | 2 | 5 | 47 | 25 | 31 |] 41 | 42 | 45 || 1-30 
0-165 || 47 | 0 | 1 | 5 | 15 | 93 | 33 | 40 | 46 || 0-625 
0-150 || 47 | 2] 3 | 5 | 16 | 23 | 32 | 39 | 42 0-625 
0-077 || so | 7] 9 | 16 | 29 | 35 | 40 | 41 | 47 |] 1-30 
0-055 | 44 | 4 5 | 15 25 38 44 | 44 | 45 1-30 
0-042 46 | 10 | 15 | 23 | 98 | 37 | 44 | 43 | 45 || 2-50 


The optimum concentration of NaCl in the reacting mixture therefore lies between 0-1 M 
and 0-2 M. Physiologically normal saline lies within this range (0-14 M). The Table 
figures refer to the spinnbarkeit value of each mixture after incubation. 


The Influence of pH on Depolymerase Activity. 


Madinaveitia and Quibell (loc. cit.) have shown that the optimal pH for the action of 
testicular hyaluronidase under the conditions of their experiments lies at 4-7. With the 
method described in this paper, below pH 5-5 the substrate is altered so that a turbidity 
appears in the reacting mixture and the spinnbarkeit value rapidly falls; it is not suitable, 
therefore, for covering such a wide range of pH values. However, between pH 6-1 and 7-9 
the apparent titre of enzymic activity remained constant. 


TABLE 3. 


\| Amount of hyaluronidase wg. ml.—-! || ' 
]| Apparent titre 
Final pH || 0 | 5-0 | 2+5 | 1-25 0-625 | 0-317 | 0-16 || wg. mi-1 

| | | | | | i. ; 
6-1 39 — | lO 4 |} 11 | 20 26 35 | 0-625 
6°6 |] 41 3 4 10 19 25 33 1 0-625 
7-0 l| 40 |; 2 | 6 is; 21 | 8 33 | 0-625 
7-5 |} 40 y) | 2 10 | 20 | 26 32 {| 0-625 
7-9 ! 42 2 | &§ | | 23 | 30 | «(36 1 0-625 

| 
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These results are set out in Table 3, the experiment being performed with one volume 
of dialysed bovine synovial fluid, one volume of MelIlvaine’s buffer and one volume of 
testicular hyaluronidase made up in a series of twofold dilutions in 0-33 M NaCl, the final 
concentration of NaCl being 0-11 M. 

The final pH of the reacting mixtures was measured with the glass electrode. The 
Table figures refer to the spinnbarkeit value of the mixtures after incubation for 20 minutes 
at 37° C. 


Comparison of Spinnbarkeit Destruction with the Mucin Clot Prevention Test. 


Using the technique of McClean (1943) the titre of our testicular preparation was 
estimated with the mucin clot prevention test. In this test, the final salt concentration is 
0-024 M NaCl; for comparable results the final ionic concentration of the reacting mixture 
was also made 0-024 M NaCl in determining the depolymerase activity of the same sample 
of testicular hyaluronidase. 

Table 4 gives the results. For determination of the end-point in the M.C.P. test, we in 
this laboratory believe that a one + value is more reliable than the last —tube as employed by 
McClean. Using this technique, there is a fourfold difference between the methods of titration. 
The significance of this difference is unknown and is possibly related to differences in 
sensitivity of the tests or to differences in substrate concentration. Both tests are almost 
certainly dependent on depolymerising activity. 





TABLE 4. 


|| Appar- 
Amount of hyaluronidase ug. ml.—1. || ent 


| - titre 
Test | 0 | 125 \62- 5|31- -25|15- 6| 7- 8 | 3° 9 |1- 95], 0- 97 | 0- "48 | 0-24 | 0-12 | 0-06 i ml,.-1, 
—. m l 
M.C.P | 5 i oes ae = | eee) Se ft a | —- ae 1-95 
8.B.K | 41 1 1 2 | 2 2 5| 9 17 21 29 | 35 | 36 || 0-48 
| ts | ioe me | J II 
M.C.P. = mucin clot prevention. 


7. 
8.B.K. = spinnbarkeit of each tube after incubation for 20 minutes at 37° C. 


The Use of Spinnbarkeit Determinations in the Study of Antihyaluronidase Phenomena. 


The spinnbarkeit of bovine synovial fluid is destroyed by enzymes of the hyaluronidase 
group from sources other than mammalian testis. An enzyme prepared from Cl. welchii 
(107-1) was shown to depolymerise synovial fluid, and an antiserum prepared against the 
toxin from this organism completely inhibited this destruction at a dilution of 1:10. This 
antiserum did not, however, prevent the depolymerising action of testicular hyaluronidase, 
nor did undiluted normal rabbit serum have any inhibitory effect on the Cl. welchii 
preparation. 

In view of the recent statements of various authors (e.g. Hadidian and Pirie, 1948b) 
regarding the antihyaluronidase activity of various muco-polysaccharides, preliminary experi- 
ments were carried out with heparin, ovomucin, and normal rabbit and human sera. Ovomucin 
and rabbit sera were without inhibitory effect; the activity of 1:0 ug. of testicular 
hyaluronidase was only partially inhibited by 5,000 U of heparin, and normal serum even 
when undiluted, did not completely inhibit the reaction. In dilutions used in serological 
investigations (1:10 and over) all sera tested were without inhibitory effect. 
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Tue AcTION OF TRYPSIN. 


It has been shown (Ropes et al., 1947) that the viscosity of bovine synovial fluid 
persists after tryptic digestion and is not increased by the addition of protein. They claim, 
therefore, that the viscosity is due solely to the presence of polysaccharide. 

To determine the influence of tryptie digestion on the spinnbarkeit of synovial fluid, 
one volume of synovial fluid was added to one volume of borate buffer at a pH of 8-5 and 
one volume of trypsin (approximately 0-1 p.c.). After incubation for 2 hours at 37°C. 
the spinnbarkeit was 36 mm., compared with a value of 40 mm. in the control. 

The significance of this 10 p.c. fall in spinnbarkeit will be discussed in the next section. 


DISCUSSION. 





On the basis of electrophoretic studies, Ropes et al. (loc. cit.) and Hessel- 
vick (1940) coneluded that the polysaccharide occurs as a free component in 
synovial fluid, and that any combination of protein and polysaccharide during 
isolation is a result of acidification of the fiuid. The first-mentioned authors 
point out, however, that there are distinct physical differences between fluids 
containing ‘‘mucin’’ (i.e. polysaccharide in association with protein) and pure 
polysaccharide solutions of an equivalent concentration; the rheological 
properties of naturally occurring synovial fluid resemble the former much more 
> than the latter. There is the possibility, however, that subtle changes occurring 
in the polysaccharide molecule during the process of purification (probably 
related to the state of hydration) are responsible for these differences, whether 
the polysaccharide is associated with protein or not. It has been observed that 
pure solutions of potassium hyaluronate prepared in this laboratory do not 
possess spinnbarkeit. 

_ Whether the spinnbarkeit of synovial fluid depends solely on the presence 
of polysaccharide, or on protein in combination with polysaccharide, is not yet 
altogether clear. The slight fall in spinnbarkeit after tryptic digestion suggests 
that this property is due mainly to the long-chain polysaccharide molecule, with 
protein playing only a minor réle. Certainly the addition of an equal volume 
of undiluted normal serum has no effect on the spinnbarkeit of synovial fluid. 

This argument is supported by the destruction of the spinnbarkeit by 
enzymes prepared from testis and from Cl. welchii, both of which are well 
recognized sources of hyaluronidase and therefore capable of causing breakdown 
of the long-chain polysaccharide molecule. 











G. S. GUNTER 


SUMMARY. 


The term spinnbarkeit used in relation to mucinous fluids is defined. A 
simple apparatus is described for comparative measurements of this property. 

The factors affecting the spinnbarkeit value of synovial fluid have been 
shown to be the velocity of formation of the fibre, the temperature, pH and ionic 
concentration of the fluid, and the concentration of the polysaccharide. 

A simple test for estimating the depolymerase activity of testicular 
hyaluronidase, evidenced by the destruction of the spinnbarkeit of bovine 
synovial fluid, is described. The influence of time, enzyme concentration, pH and 
ionic concentration has been established. The availability of the method for 
estimating hyaluronidases from other sources is suggested. 

Comparison is made with one of the other numerous tests for hyaluronidase 
activity. The value of the method in serological and antihyaluronidase studies 
is suggested. 

The nature of spinnbarkeit, with special reference to bovine synovial fluid, 
is discussed. 
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MESOHAEMOGLOBIN DERIVATIVES! 


I. PRELIMINARY STUDIES ON THE PREPARATION AND PROPERTIES 
OF MESOCHOLEGLOBIN 





























by J. P. CALLAGHAN? anp J, E. O’HAGAN 


(From the Department of Physiology, University of Queensland). 
(Accepted for publication, 23rd December, 1948.) 


When oxyhaemoglobin is incubated with ascorbic acid in the presence of 
air, a green derivative, choleglobin, is formed. This pigment, first reported by 
Lemberg, Legge and Lockwood (1938, 1941) is one of a series of superficially 
similar green substances which arise from haemoglobin under different condi- 
tions. The nature of none of these compounds has been satisfactorily demon- 
strated, but it is now apparent that differences between them are more marked 
than similarities. Thus choleglobin yields bile pigments on splitting with acid, 
whereas cruoralbin (Holden, 1943) gives a green haemin-like substance, 
eruoratin. 

While it is probable that the reactions leading to these substances are by no 
means simple, it seemed likely that the coupled oxidation of haemoglobin with 
ascorbie acid led to less drastic alterations in the molecule than other reactions. 
It did not appear that the protein portion of the molecule was implicated in 
the primary reaction of choleglobin formation, which was believed by Lemberg 
to constitute an oxidative rupture of the porphyrin ring, giving a bile pigment- 
iron-globin. Satisfactory confirmation of this has not yet been obtained. 

The experiments reported in this paper were directed towards determining 
whether or not the reactive vinyl side chains of haemoglobin were involved in 
choleglobin formation. If they were, coupled oxidation of mesohaemoglobin 
with ascorbic acid should give very different results from those obtained with 
protohaemoglobin. 


1The nomenclature adopted in this and the subsequent paper is that of Lemberg and 
Legge’s forthcoming book ‘‘ Haematin Compounds and Bile Pigments’’. 
Comparison of the older and the new nomenclature is illustrated in the following table: 





Old nomenclature New nomenclature 


| 


Haemoglobin Haemoglobin 
Methaemoglobin Haemiglobin 

Haemochromogen Haemochrome 
Parahaematin Haemichrome 


Use of italicized o or i emphasises the state of oxidation. 
Use of normal o indicates that the term is being used in a generic sense and the state of 
oxidation is not in question. 


2 Working under grant from the National Health and Medical Research Council of 
Australia. 
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EXPERIMENTAL. 
Preparation of Haemin. 


Protohaemin was prepared from sedimented horse cells by the method of Nencki and 
Zaleski (1900), a 3 inch sintered glass filter of porosity 3 being found very useful for the 
filtration and washing. The haemin was once recrystallized by the method given by Hogness 
and co-workers (1937). Five gm. of the crude haemin were dissolved in 300 ml. of a 4 p.c. 
solution of quinine in chloroform, the solution filtered and added dropwise from a funnel into 
350 ml. of glacial acetic acid containing 10 ml. saturated sodium chloride solution and 4 ml. 
concentrated hydrochloric acid, heated in a water-bath to 90°C. As much of the chloroform 
as possible was distilled off, a fine stream of air being passed into the solution to assist 
removal. The temperature was kept below 90° C. and when all chloroform had been removed 
the solution was allowed to cool slowly to 40°C. when it was filtered and the precipitate 
washed with 50 p.c. acetic acid, water, aleohol and ether. A 70 p.c. yield of haemin was 
obtained. 


Preparation of Mesohaemin. 


The procedure of T. Harrison Davies (1945) was found to give a product free from any 
admixed protohaemin as determined spectroscopically as the dicyanide. After recrystallization 
by the same procedure as previously described, a 60 p.c. yield was obtained. 


Preparation and Estimation of Native Globin Solution. 


A modification of the method of Anson and Mirsky (1930) was used. The temperature 
was kept below 5° C. throughout the preparation, 48 ml. of washed human red-cells were 
laked by addition of 96 ml. of water, and added to 1,600 ml. of acetone and 16 ml. cone. 
HCl contained in a 2-litre beaker. The haemoglobin solution was added slowly while the acid 
acetone was stirred mechanically. In this way a fine precipitate was obtained which occluded 
very little haemin, washed easily, lost its acetone rapidly, and was comparatively easy to 
dissolve later. After standing for 3 minutes the precipitate of globin was filtered with mild 
suction through a 3 inch sintered glass filter, washed with small quantities of acetone until 
colourless, and dried between filter papers in the refrigerator until the smell of acetone had 
vanished. 

The dry globin was dissolved in about 240 ml. of chilled water by grinding in a chilled 
mortar, transferred to a beaker and chilled 0-2 N NaOH added while stirring with a glass 
rod until a permanent precipitate was formed. After standing 15 minutes? more NaOH was 
added until the maximum precipitate of denatured protein was obtained. This point was best 
observed by directing the tip of the burette against the side of the beaker, stirring slowly 
and watching for the cloud of precipitate which passed this position after its trip around 
the edge of the beaker. A good end-point could be obtained in this way. After standing for 
30 minutes the denatured protein was removed by filtration on the sintered glass filter 
from the native globin which remained in the filtrate. About 260 ml. of a 2 p.c. globin 
solution were obtained. The globin was estimated on 0-2 ml. of solution by the micro- 
Kjeldahl method. 


Preparation of Crystalline Horse Oxyhaemoglobin. 
This was performed as described by Heidelberger (1922). 


8 Since this investigation was concluded it has been pointed out by Dr. Lemberg that the 
preparation may be improved by omission of 15 minutes standing after NaOH precipitation. 
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Preparation of Haemiglobin and Mesohaemiglobin Solutions. 


All solutions and vessels used were first chilled below 5° C. In a small mortar 60 mg. 
haemin or mesohaemin were ground quickly with 10 ml. of 0-4 M sodium hydroxide until no 
particles remained, 9-4 ml. of 0-4 M potassium dihydrogen phosphate added slowly with 
stirring, and without delay the solution was carefully poured into the calculated amount of 
native globin solution (e.g. 72 ml. of a 2-0 p.c. solution). After warming to 37° C. the slight 
precipitate of denatured protein was filtered off on a Buchner funnel. The spectroscopic 
observations recorded in Table 1 were made using a Hartridge Reversion Spectroscope. 
(Compare Hill and Holden, 1926.) 


TABLE 1. 
Band positions 

Mesohaemiglobin (acid) 626 mu 
Mesohaemoglobin 552 my 
Oxymesobaemoglobin 569 my 531 my 
CO meschaemoglobin 563 mu 526 mu 
Denatured globin mesohaemochrome 552 my 521 my 
Denatured globin CO mesohaemochrome 561 my 527 mu 
Pyridine mesohaemochrome 550 mu 521 my 


COUPLED OXIDATION WITH ASCORBIC ACID. 


Parallel experiments on coupled oxidation with ascorbic acid were carried out using 
haemiglobin and mesohaemiglobin. 

To the whole batch of haemiglobin or mesohaemiglobin solution were added 100 mg. of 
ascorbie acid (B.D.H.) in 2-5 ml. of 0-4 M sodium hydroxide, 2-3 ml. of 0-4 M potassium 
dihydrogen phosphate and water to 100 ml. This gave a 1-5 p.c. solution of haeméiglobin or 
mesohaemiglobin containing 100 mg. of ascorbic acid per 100 ml., buffered at pH 7-2 with 
M/20 phosphate buffer. This was then incubated at 37°C. in flat culture flasks, each 
containing 50 ml. of solution in a layer 4-5 mm. deep. 

Protocholeglobin. After 15 minutes’ incubation very little haemiglobin remained, being 
converted almost completely to oxyhaemoglobin. After 45 minutes there appeared the band of 
oxycholeglobin at 670 my which had reached a fair degree of strength by 75 minutes. On 
reduction with dithionite the band of reduced choleglobin was observed at 630 my. 

On saturation of a solution with CO for 3 minutes, addition of dithionite, further passage 
of CO and addition of 20 p.c. NaOH, a sharp strong band at 630 mu of denatured globin CO 
cholehaemochrome denoted the presence of a considerable quantity of choleglobin. 

This compared favourably with the results obtained by us using crystalline horse 
oxyhaemoglobin and as described by Lemberg and co-workers (194la). We, therefore, used 
the recombined haemiglobins for all subsequent experiments. Lemberg (1941b) has shown 
that haemiglobin can act as an intermediate in the cycle of choleglobin formation. 

Mesocholeglobin. The conversion of the mesohaemiglobin to mesohaemoglobin was much 
slower in this case and the formation of the mesocholeglobin slow also. An hour and a half 
elapsed before the first conversion neared completion and a full two and a half hours before 
the mesocholeglobin appeared in sufficient quantity to measure its absorption band with a 
Hartridge spectroscope. At this stage the spectrum showed the alpha and beta oxymeso- 
haemoglobin bands, the mesohaemiglobin band at 626 my and the oxymesocholeglobin band 
at 661 my and onward towards the infra red. The denatured globin CO mesochole- 
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haemocbrome was now obtainable and gave a weak band at 620 mu. It was found necessary 
when forming this compound to saturate with coal gas for not less than 5 minutes as the 
reaction is apparently slower with the meso series than with the proto. On one occasion a 
puzzling band at 550 mu between the denatured globin CO mesohaemochrome bands at 561 and 
527 my appeared, which was probably due to some denatured globin mesohaemochrome which 
had not reacted with CO. Table 2 shows the position of some of these absorption bands, not 
previously recorded. 


TABLE 2 
| 
Reduced mesocholeglobin 615 mu 
Oxymesocholeglobin 661 mz 
CO-mesocholeglobin 616 mu 
Denatured globin CO-mesocholehaemochrome 620 my 
Denatured globin mesocholehaemochrome too weak to measure (see Table 3). 





The cholehaemochromes. During the coupled oxidation reaction, green pigments precipi- 
tated on the bottom of the flasks; these were dissolved in 5 p.c. NaOH and compared 
spectroscopically as shown in Table 3. (For proto, cf. Lemberg (1941a).) 








TABLE 3. 
Alkaline solution of green pigment | Meso | Proto 
| 
Reduced | 605 618 
Reduced + CO 618 (wide) 634 (wide) 


These readings would suggest that the green pigment precipitated from the mesohaemo- 
globin solution during coupled oxidation was denatured globin mesocholehaemichrome, in 
conformity with Lemberg’s view of the nature of the green pigment from haemoglobin 
solution. 

Split products of mesocholeglobin. Splitting of the mesocholeglobin was carried out 
according to the method used by Lemberg, Lockwood and Legge (1941). 

Into 200 ml. of glacial acetic acid were poured 100 ml. of the final reaction mixture 
containing the mesocholeglobin. After standing for 15 minutes the solution was poured into 
600 ml. of peroxide-free ether in a separatory funnel and shaken. Dilute sodium acetate 
solution was then used to extract the protein and most of the acetic acid, care being taken 
not to shake vigorously until most of the protein had been removed. The ether layer, after 
final washing with distilled water, was extracted with hydrochloric acid of graded strength 
(from 2 to 20 p.c.) until all bile pigments had been removed. On further extraction with 
dilute ammonia the brown pigment remaining in the ether was completely removed and proved 
to be mesohaematin when checked as the pyridine haemochrome. 

The blue pigment extracted by 2 p.c. HCl did not crystallize out readily so was taken 
back into a minimum amount of ether by neutralizing with saturated sodium acetate, washing 
to remove the acetate and re-extracting with 2 p.c. HCl. Blue-green crystals which are 
almost certainly mesobiliverdin hydrochloride crystallized out on standing overnight. The 
mother liquor still contained a green pigment, which may be similar to the biliverdin giving 
the unidentified green ester of lower melting point obtained after pyridine mesohaemochrome 
oxidation by Lemberg (1935). It gave the blue bilipurpurin zine salt, with a band in the 
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red at 625 my and a red fluorescence. The 5 p.c. HCl extract contained a mixture of 
pigments which has not been separated. The colour of the extracts was for the most part 
pale blue, especially in the later stages of the extraction. This colour may be due to a blue 
bile pigment or to a mixture of verdin and purpurin. A small amount of purpurin was 
obtained from the 10 p.c. extract but considerably more from the 20 p.c. The absorption 
band of the mesobilipurpurin hydrochloride in chloroform was at 609 my and the zine salt 
in methanol was blue with pink fluorescence. (Compare Lemberg, Lockwood and Legge, 
194)). 

More bile pigments were obtained from the meso than from the proto degradation, the 
essential differences between the two series being shown in Table 4. 


TABLE 4. 

a naa | Proto | Meso 
Time for change to maximum oxy spectra 15 mins. 1 hr. 30 mins. 
Time for appearance of choleglobin and green | 

precipitate | 45 mins. 24-3 hrs. 
Relative maximum intensity of choleglobin band | +--+ | + 
Relative yield of bile pigments | T+ +++ 





DISCUSSION. 


The difference in the rates of formation of choleglobin and mesocholeglobin 
is interesting and deserves further investigation, especially with regard to 
oxygen uptake. The fact that from a solution containing only a relatively low 
concentration of mesocholeglobin a good yield of bile pigments was obtained 
indicates that during the preparation of mesocholeglobin a secondary reaction 
leading probably to an iron-free bile pigment-globin compound proceeds very 
rapidly, as does that leading from mesocholeglobin to the denatured green 
pigment. Lemberg et al. have shown that secondary reactions occur in the case 
of haemoglobin, but there the primary reaction is much faster than the secondary. 
With mesocholeglobin, the two reactions proceed with comparable speeds, so that 
very little mesocholeglobin is to be found in the solution at any stage. The 
assumption of a bile pigment-globin compound is supported by the evidence that 
no free bile pigment could be extracted directly from the solution at any stage 
of the reaction, and no bile pigment was obtained on splitting solutions incubated 
without ascorbic acid. The high yield of bile pigments could occur if meso- 
choleglobin were split to a much greater extent than the proto (average only 
12 p.c.). However, the quantity of mesocholeglobin appeared to be so much 
less than that of choleglobin in the equivalent solutions that this explanation 
seems unlikely. Unfortunately, facilities for quantitative estimation of the 
pigments were not available when this work was carried out. 
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The fact that the coupled oxidation reaction proceeds with mesohaemoglobin, 
giving results only quantitatively different from those obtained with haemo- 
globin, indicates that the presence of vinyl side-chains in the molecule is not 
an essential feature of the reaction. 


SUMMARY. 


Coupled oxidation of mesohaemiglobin and ascorbic acid gives mesochole- 
globin with properties similar to choleglobin. 

The rate of the conversion to mesocholeglobin is much slower and is less 
complete than the analogous reaction to choleglobin, but more bile pigments 
are obtained on splitting with 66 p.c. acetic acid. This is probably due to a 
secondary reaction of comparable velocity to the primary reaction, and leading 
to an iron-free bile pigment-globin compound. 

In the formation of choleglobin, the presence of vinyl side-chains is not 
material to the reaction. 


Acknowledgments. The human red cells, used throughout this investigation to prepare 
the globin, were kindly supplied by Dr. Shaw of the Red Cross Blood Transfusion Service, 
Brisbane. Use of a large centrifuge was readily given by Mr. S. B. Watkins, Government 
Analyst, Brisbane. 

Thanks are due to Dr. R. Lemberg for suggesting this investigation and for his advice 
and encouragement, and to Mr. H. J. G. Hines for making the necessary facilities available. 


REFERENCES. 


Anson, M. L. and Mirsky, A. E. (1930): J. gen. Physiol., 13, p. 469. 

Davies, T. H. (1940): J. Amer. chem. Soc., 62, p. 447. 

Heidelberger, M. (1922): J. biol. Chem., 53, p. 31. 

Hill, R. and Holden, H. F. (1926): Biochem. J., 20, p. 1,326. 

Hogness, T. R., Zschiele, F. P., Jnr., Sidwell, A. E., Jnr. and Barron, B. S. G. (1937): 
J. biol. Chem., 118, p. 1. 

Holden, H. F. (1943): Austral. J. exp. Biol., 21, p. 159. 

Lemberg. R. (1935): Biochem. J., 29, p. 1,322. 

Lemberg. R., Legge, J. W. and Lockwood, W. H. (1938): Nature, 142, p. 148. 

Lemberg, R., Legge, J. W. and Lockwood, W. H. (1939): Biochem. J., 33, p. 754. 

Lemberg, R., Legge, J. W. and Lockwood, W. H. (1941a): Ibid., 35, p. 328. 

Lemberg. R., Legge, J. W. and Lockwood, W. H. (1941b): Ibid., 35, p. 339. 

Lemberg, R., Lockwood, W. H. and Legge, J. W. (1941): Ibid., 35, p. 363. 

Nencki, M. and Zaleski, J. (1900): Z. physiol. Chem., 30, p. 390. 














MESOHAEMOGLOBIN DERIVATIVES 


Il. A GREEN DERIVATIVE OF MESOHAEMOGLOBIN IN THE PRESENCE 
OF CYANIDE 


by J. P. CALLAGHAN! 


(From the Department of Physiology, University of Queensland). 
(Accepted for publication, 23rd December, 1948.) 


Holden (1943) has described a green derivative of haemoglobin, which he 
named cruoralbin, obtained by alternate reduction and oxidation of a solution 
of haemiglobin cyanide in the presence of excess buffered cyanide. This pigment 
shows some superficial spectroscopic resemblances to choleglobin (Lemberg 
et al., 1939), and was at one time thought to be identical with it (Callaghan, 
1945). However, the fact that Holden obtained no biliverdin as a product of 
splitting the pigment (prepared at room temperature) with 50 p.c. acetie acid, 
and his later production (Holden, 1946) of a green haemin-like splitting product 
(eruoratin) when the cruoralbin was prepared at 0° C., made it clear that 
cruoralbin and choleglobin were distinct substances. This view was confirmed 
by the fact that cruoralbin yields little easily detachable iron (Holden, 1946), 
whereas choleglobin yields a high and constant amount (Legge and Lemberg, 
1941). 

At the suggestion of Dr. R. Lemberg it was decided to investigate analogous 
substances in the mesoporphyrin series, in an effort to determine whether the 
vinyl side chains of protoporphyrin were involved in the formation of cruoralbin. 
That such might be the case was suggested by the failure of room-temperature 
eruoralbin to split with acetic acid, and by the fact that cruoratin contains 
eight nitrogen atoms per atom of iron (Holden, 1946). It seemed possible that, 
when cruoralbin was prepared at room temperature, linkages were produced 
between the vinyl side chains and certain amino acid iesidues of the protein, 
which were incapable of rupture by acid; and that with low-temperature 
eruoralbin, rupture occurred on the side of these amino acid residues distal from 
the porphyrin nucleus, cruoratin thus containing a small portion of the protein 
moleeule attached to the vinyl side chains. 

If this hypothesis were correct, application of Holden’s preparation to 
mesohaemoglobin should result in a course of reaction markedly different from 
that yielding cruoralbin. 


1In receipt of a grant from the National Health and Medical Research Council of 
Australia. 
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EXPERIMENTAL. 
APPLICATION OF HOLDEN’s PREPARATION TO MESOHAEMOGLOBIN. 


Mesohaemiglobin solutions of approximately 2 p.c. concentration of protein were prepared 
as described by Callaghan and O’Hagan (1948). 


Low Temperature Experiments. 


To 80 ml. of mesohaemiglobin solution were added a solution of 10 gm. potassium 
cyanide (Merck, A. R.) and 10 gm. ammonium chloride (B.D.H. analar) in 50 ml. distilled 
water. The mixture was placed in a 1,200 ml. bottle which was rotated in an ice bath in the 
refrigerator, with its axis horizontal. Cylinder oxygen was passed into the bottle through 
a glass tube, and sodium dithionite (B.D.H.) in finely powdered form was added from time 
to time in 50 mg. portions. 

After the first addition of dithionite, the single-banded spectrum of mesohaemiglobin 
eyanide (538 mu) was replaced by a two-banded haemochrome-like spectrum, similar to that 
described by Holden (1943). The bands lay at 560 my and 529 mu. These bands rapidly 
disappeared on rotation with oxygen, and were replaced first by the single band of meso- 
haemoglobin (552 mu) and then by the bands of mesohaemiglobin cyanide and oxymeso- 
haemoglobin (568 my and 532 mz). 

The reduction and oxidation were repeated approximately twenty-five times over a period 
of two hours. The spectral changes continued to follow the cycle described above, and at no 
time during the experiment were any bands observed in the region to the long-wavelength 
side of 600 mz. 

Several repetitions of the experiment yielded identical results, with no trace of green 
pigments. 

A parallel experiment using protohaemoglobin, resynthesized from haemin and native 
globin, gave a good yield of cruoralbin with behaviour as described by Holden (1946). 


Room Temperature Experiments. 


Mesohaemiglobin cyanide solutions were treated as described above, except that the 
bottle was rotated at room temperature (20°—24° C.). 

Preparation A. 200 ml. of mesohaemiglobin solution were used, with 25 gm. each of 
potassium cyanide and ammonium chloride. After four cycles of reduction and oxidation, 
a faint band appeared at 668 my in both oxidized and reduced solution, followed a few 
cycles later by one at 604 my, visible in the reduced solution only. About twenty cycles of 
reduction and oxidation were carried out, by which time the bands at 668 my and 604 my 
were very strong, those in the green part of the spectrum very weak indeed. The oxidized 
solution was dark greenish brown, the reduced a more definite green. 

During the reaction, very little denatured protein was precipitated. Addition of an equal 
volume of saturated ammonium sulphate solution to a small portion of the protein solution 
failed to precipitate any denatured protein, while addition of solid ammonium sulphate in 
powder form gave complete precipitation as the solution neared saturation with the salt. 

The remainder of the protein solution was consequently saturated carefully with 
ammonium sulphate, the precipitated material quickly filtered on a sintered glass funnel and 
washed well on the funnel with saturated ammonium sulphate solution. The precipitate was 
dissolved in about 200 ml. distilled water on the funnel, filtered with suction, and dialysed 
for three days against running tap water and for one day against several changes of distilled 
water. It was then filtered to remove a small amount of denatured material. 
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Estimation of the protein concentration by the method of Bick (1936) gave a value of 
1-57 p.c. The pigment was very stable; no precipitation of denatured material occurring over 
a period of a month, mostly at 4° C. but with several periods of 24 hours at room temperature. 

Preparation B. In the course of a number of repetitions of the above preparation, an 
experiment was stopped, because of limitations of time, before the reaction had gone to 
completion, i.e. while the bands in the green portion of the spectrum were still relatively 
strong. The subsequent working up of the material was carried out as before, the resultant 
solution having a protein concentration of 1-95 p.c. 


SPECTROPHOTOMETRY OF THE PIGMENTS, 


The positions of absorption bands recorded above were measured by means of a Hartridge 
reversion spectroscope. 

Spectrophotometric curves of solutions A and B, as well as of various derivatives, were 
made with the General Electric Recording Spectrophotometer (Hardy type) at C.S.LR. 
Division of National Standards, Sydney. This instrument records automatically the per- 
centage transmission of the solution as a function of the wavelength, in the region between 
400 mu and 700 mu. The curves depicted in Figs. 1-4 have been recomputed in terms of 
milli-molar extinction coefficients, the molecular weight being taken for this purpose as that 
of a unit containing one iron atom. 

Table 1 summarizes the spectrophotometric data of the pigment of preparation A, on the 
same basis regarding molecular weight as before. 





TABLE 1. 
| Millimolar extinction 
Substance Band positions coefficient 

Oxidized 668 | 9-1 
Reduced 538 6-9 
615 7-1 
668 8-5 

Haemichrome Indistinct 
Haemochrome 518 7°3 
| 547 10°3 
| 600 | 6-8 
CO haemochrome | 529 7-4 
| 559 6-9 
611 7-5 
Pyridine haemitchrome 595 (very broad) 6-0 
650 5-0 
Pyridine haemochrome 516 8-3 
545 10-2 
603 7-1 
CO pyridine haemochrome 526 7+2 
557 7-1 
| 611 6-4 


SPLITTING OF GREEN PIGMENTs. 


Splitting of solutions A and B was carried out according to the method of Lemberg 
et al. (1941). The ether solution of the split pigments was extracted with 20 p.c. HCl, the 
acid extract so obtained being deep blue in colour. The pigment was returned to ether and 
extracted with increasing strengths of hydrochloric acid. The extracts with low hydrochloric 
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acid concentration were blue-green in colour, those with high HCl concentration blue-violet, 
but no sharp separation was achieved. In consequence, crystallization of the blue-green 
pigment took place with difficulty, and too little pure material was obtained for conversion to 
the dimethyl ester and determination of melting point. However, there is little doubt that 
this pigment is mesobiliverdin, and that the violet pigments (two appear to be present from 
their behaviour on HCl extraction) are mesobilipurpurins. On this assumption the concen- 
tration of each was determined on the mixed HCl extract by the spectrophotometric method 
of Lemberg et al. (loc. cit.). 

Confirmation of the nature of these pigments as verdin and purpurins was obtained by 
examination under ultra-violet light of a solution of the zine salt in methyl alcohol, the zine 
salt in the case of the former pigment being obtained after preliminary careful oxidation 
with iodine. In each case the characteristic red fluorescence was obtained. The zine salt 
solutions also showed two-banded absorption spectra, but no measurements were made on 
these. 





TABLE 2. 
| Protein cone. 
Solution | Volume | p-c. Method Verdin Purpurins 

A | 10 ml. 1-57 acetic alone 73 ug. 59 ug. 
A 10 ml. 1-57 + ascorbic acid | 400 ug. 94 ug. 
B 10 ml. 1-95 acetic alone 58 ug. 55 ug. 
B | 10 ml. | *95 + ascorbic acid | 81 ug. 25 ug. 

| | | 


The splitting was repeated with the addition of 50 mg. of ascorbie acid to the acetic 
acid, before mixture with the protein solution, in order to avoid any oxidative effects of the 
acidifieé solutions. In the case of solution A a much higher yield of bile pigments was 
obtained from this procedure. Repetition of the splitting experiments showed that the yield 
of bile pigments was variable, and the factors affecting it were not elucidated. 

Table 2 gives typical results of these experiments. 





EXPLANATION OF FIGURES. 


Fig. 1. Oxidized solution: 1 ml. solution A diluted to 15 ml. with water. Reduced 
solution: above, reduced with 20 mg. dithionite. 


Fig. 2. Haemichrome: 1 ml. solution A + 1-5 ml. 10 p.c. NaOH diluted to 15 ml. with 
water. 

Haemochrome: above, reduced with 20 mg. dithionite. 

CO Haemochrome: as for haemochrome, but with CO bubbled through for 5 minutes 
before and 2 minutes after addition of dithionite. 


Fig. 3. Pyridine Haemichrome: 1 ml. solution A + 1-5 ml. pyridine + 1-5 ml. 10 p.e. 
NaOH, diluted to 15 ml. with water. 

Pyr. Haemochrome: above, reduced with 20 mg. dithionite. 

CO Pyr. Haemochrome: as for pyr. haemochrome, but CO bubbled through 5 minutes 
before and 2 minutes after addition of dithionite. 


Fig. 4. Oxidized solution: preparation B, 1 ml. diluted to 15 ml. with water. 

Reduced solution: above, reduced with 20 mg. dithionite. 

Haemochrome: 1 ml. solution B + 1°5 ml. 10 p.c. NaOH diluted to 15 ml. with water, 
reduced with 20 mg. dithionite. 

CO Haemochrome: as for haemochrome, but CO bubbled through 5 minutes before and 
2 minutes after addition of dithionite. 
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The ether solutions of splitting products, after extraction of the bile pigments with 
hydrochloric acid, still contained a considerable amount of brown pigment, presumably a 
haemin. This was extracted with dilute sodium hydroxide solution, and converted to a 
haemochrome by means of pyridine and sodium dithionite. Table 3 shows the positions of 
the absorption bands and the ratios of the extinction coefficients of these bands, for the 
haemochromes so obtained, in comparison with those of pyridine mesohaemochrome. 


TABLE 3. 
Substance | Band positions | Ratio 
| 
Pyridine haemochrome A 516 | 545 0-70 
Pyridine haemochrome B 516 545 | 0-74 
Pyridine mesohaemochrome 518 547 0-57 


| | | 


These results were unaffected by the use of ascorbic acid in the splitting procedure. 


DISCUSSION. 


A profound difference is apparent between the products of Holden's 
preparation applied to mesohaemoglobin and those of the same preparation 
applied to haemoglobin. Firstly, the new green derivative of mesohaemoglobin 
exhibits a most unusual type of absorption spectrum, the main feature of which 
is an intense absorption band in both oxidized and reduced solutions at 668 muy. 
Cruoralbin has no such band. Secondly, on acetic acid treatment the solutions 
obtained readily yield bile pigments and a haemin which appears to differ 
slightly from mesohaemin in the relative intensity of its absorption bands. 
Cruoralbin splits only when prepared at 0° C., and then yields a green haemin- 
like product. Thirdly, the reaction proceeds satisfactorily only above 20° C., no 
visible change occurring at 0° C. These facts constitute strong evidence that in 
the production of cruoralbin, the vinyl side chains of haemoglobin are involved. 
The nature of this involvement is still only conjectural. 

It has not been possible from the data so far obtained to reach any finality 
concerning the nature of the substance or substances produced in the experi- 
ments recorded above. The following suggestions must be regarded as tentative, 
and as constituting a basis for further investigation. 

It seems probable that the band at 668 mp in both oxidized and reduced 
solutions, and that at 615 mp in the reduced solution only, belong to different 
substances. The latter may be mesocholeglobin, and the bile pigments obtained 
on splitting may be derived from it. The absorption band is in the correct 
position for mesocholeglobin, although a slight divergence exists in the case of 


the haemochromes (See Table 4). Whether these divergences are real, or are 
due to the inaccuracy resulting from the measurements of the rather broad bands 
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of mesocholeglobin derivatives in solutions containing very little of the substance 
under investigation in a large excess of unaltered pigment, has not been 
determined. 

TABLE 4. 


Comparative band positions of mesocholeglobin and solution A. 








Derivative Band position, mesocholeglobin| Band position, solution A 
= - segemaeeeaes caer scutrs: Iiaasae cacti se cv oa 
Reduced solution 615 | 615 
Haemochrome | 605 | 600 
CO haemochrome 620 610 


Me — | 


The band at 668 my is even more difficult to interpret. This band exists 
in both oxidized and reduced solutions of both preparation A and preparation B, 
but whereas it is almost completely removed by conversion to the haemochrome 
in the case of preparation A, it is reduced little in intensity and shifted a little 
in position by this treatment in the case of preparation B. Liébeeq (1947) has 
recorded that in the preparation of pseudohaemoglobin from haemoglobin there 
is produced a substance the haemichrome from which has a band at 670 mp 
which disappears slowly on reduction. The band at 668 mp in solution A 
behaves in this manner, the haemichrome band being at about 655 my, and the 
substance may be analogous to that of Liébecq. In solution B, however, the 
band persists in the haemochrome; it was observed on one occasion that the band 
disappeared on maintaining the solution in the reduced state for a prolonged 
period (about 48 hours), but this has not been adequately confirmed. The 
observation suggests, however, that the substance with the persistent haemo- 
chrome band is slowly transformed by treatment with dithionite into the same 
substance as found in solution A, and therefore constitutes an intermediate stage 
in the reaction. No suggestion can be made as to the nature of either substance. 

There remain for interpretation the band at 538 my in the oxidized solution, 
the band at the same position in the reduced solution, and the bands in the 


green in the haemochrome solutions. The first of these may be due to the 
presence of a little unchanged mesohaemiglobin cyanide from which the cyanide 
has not been removed by dialysis. Removal of cyanide from its compounds with 
haemiglobins requires protracted dialysis, for which the four days allowed may 
have been insufficient. However, the peculiarly asymmetric band in the reduced 
solution is composite, apparently being derived from a mixture of mesohaemo- 
globin (band position 552mp and a substance with its band nearer the blue 
end of the spectrum, at about 540 mp. Furthermore, the haemochrome bands 
at 548 mp and 519 mp are more intense than can be accounted for by the 
unchanged mesohaemoglobin, and their extinction coefficient ratio suggests 
that they are possibly derived from a mixture of mesohaemochrome with a 
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haemochrome of identical band position but reversed order of strength of the 
bands. Lemberg et al. (1937) have described an oxyporphyrin haemychrome 
with just these characteristies, so the presence of a mesooxyporphyrin haemo- 
chrome is tentatively postulated. The increased yield of bile pigments on pre- 
treatment of the solution with ascorbic acid before splitting may be in part 
accounted for by this substance, since it would be converted by ascorbic acid 
and oxygen into a compound of the verdo-class. 
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Mr. A. Tuffley, who prepared the absorption curves for reproduction; to the Chief of the 
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apply the Hardy spectrophotometer to this investigation, and to Miss J. Heffron who recorded 
the absorption curves on the instrument. 

The generous advice and assistance of Dr. R. Lemberg is gratefully recorded. 


SUMMARY. 


Subjection of mesohaemiglobin cyanide in the presence of excess buffered 
eyanide, to alternate reduction with dithionite and oxidation with gaseous 
oxygen, results in the production of a green solution containing several haemo- 
proteins. 

The green solution is split by acetic acid, giving an altered haemin and 
mesobiliverdin and mesobilipurpurin in a yield approaching that of bile 
pigments from choleglobin. 

Absorption curves of the pigments and derivatives are presented. 

It is tentatively suggested that the solution contains mesocholeglobin, a 
mesooxyporphyrin derivative, and a new pigment perhaps analogous to one 
reported by Liébecq in the preparation of pseudohaemoglobin. 

It is coneluded that the production of eruoralbin, by subjection of haemo- 
globin to the same reaction, involves participation of the vinyl side chains of the 
porphyrin. 
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In two earlier papers (Shaw, 1948a, b) it was suggested that there were 
two pharmacologically distinct groups of cells in sympathetic ganglia, one which 
innervated those fibres which constricted vessels (called the C cells), and one 
which innervated fibres which, liberating adrenaline at their endings, neverthe- 
less dilated vessels (the D cells). The evidence for such suggestion may be 
summarized as follows: 


1. Quinine mono-methiodide stimulates only the D cells. 

2. Lobeline stimulates only the C cells. 

3. Nicotine, after stimulating the C cells, readily paralyses them. 

4. Nicotine only weakly stimulates the D cells and only paralyses them 
when in large doses. 

5. Acetylcholine stimulates both groups, but the D cells are more sensitive. 


The crux of the problem is that the fall in blood pressure brought about by 
acetylcholine under various conditions in an atropinized animal is due to the 
liberation of adrenaline and not due to the acetylcholine ‘‘ breaking through’’ the 
atropine. For this conclusion we have relied upon the fact that in all our 
experiments the fall has been increased after the administration of cocaine. In 
no case have we found a synergism between cocaine and the muscarine action of 
acetylcholine. This aspect of the problem becomes important in the light of the 
results of Koppanyi (1939), who in a similar set of experiments concludes that 
the fall is due to the muscarine action of the acetylcholine overcoming the 
atropine. Koppanyi states that the fall could be abolished by further doses of 
atropine (as much as 10 mg. per kg.). This we have never been able to do. 
However. in our latest experiments, we do recognize that the fall is usually 
lessened by about 30 p.c. if a large dose of atropine is administered just before 
the acetylcholine, but that the residual fall is always potentiated by cocaine. 
For this and other reasons to be given in the paper (see action of curare), it can 
now be stated that it is considered that the fall has a dual causation. We also 
think there are further inconsistencies in Koppanyi’s conclusions. In an 
atropinized and eserinized animal (according to Koppanyi) acetylcholine 
produces a rise in blood pressure, if nicotine is now administered and then 
acetylcholine a fall results; if more eserine is given, a dose of acetylcholine now 
causes a marked elevation of the blood pressure. We hold that if the fall were 
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due to the acetylcholine breaking through the atropine, this should be even more 
marked in the presence of eserine. 

In a previous paper Koppanyi points out that large doses of atropine before 
ergot alkaloids prevent the depressor effect of adrenaline. Therefore, may not 
the explanation of the failure of acetylcholine to produce a fall in blood pressure 
after nicotine and large doses of atropine be that there is an antagonism between 
atropine and depressor adrenaline, rather than an inability of the acetylcholine 
to exert a muscarine action in the presence of large amounts of atropine? 

The main conclusions to be drawn from a later paper (Koppanyi, 1940) is 
that the increased blood pressure brought about in an atropinized animal by 
acetylcholine is in fact due to the action of the acetylcholine on the sympathetic 
ganglia. What was previously supposition is now proved. This further 
strengthens our own conclusions. 


In an interesting paper Linegar (1940) has results which parallel ours in that the hemo- 
dynamic effects of acetylcholine have been modified by ergotamine and not by yohimbine as 
used by ourselves. Linegar’s results and interpretations differ in some respects from ours, 
and these we now propose to consider. In the first place, in an atropinized animal ergotamine 
reverses the pressor action of acetylcholine in the same manner as yohimbine, but it is 
interesting to note that the pressor responses to adrenaline were not reduced when the pressor 
effects of acetylcholine were completely reversed by ergotamine. A similar state of affairs 
is not so marked with yohimbine, the vasomotor reversal occurring at about the same time 
with adrenaline or acetylcholine. Linegar was also able to show that in the presence of 
ergotamine the blood of a donor animal would raise the blood pressure of a recipient dog, 
after the injection of acetyleholine. Presumably the adrenaline brought about the liberation 
of adrenergic substances. As we had found with yohimbine, acetylcholine after ergotamine 
may either raise the blood pressure, lower it, or give a biphasic response (in the atropinized 
animal) ; in those animals giving a fall ergotamine increased this fall in most cases. However, 
if more atropine were given then the falls were converted into rises. This we have never 
been able to do in the case of yohimbine, the addition of more ergotamine reversed the rise 
again. Linegar interprets this to mean that the fall brought about by acetylcholine is its 
muscarine action and that this is abolished by the excess doses of atropine. We maintain 
that the fall is due to acetylcholine stimulating the D cells in the ganglion and that the fall 
is due to ‘‘dilator’’ adrenaline, and suggest an alternative explanation for Linegar’s results. 
This is that there is competition between the atropine and ergotamine for the ‘‘dilator’’ 
adrenaline receptors as it has been shown that the dilator action of adrenaline is actually 
opposed by atropine. In conclusion, Linegar accounts for his results by saying that 
ergotamine sensitizes the vasodilator effects of acetylcholine in reversing the acetylcholine 
pressor effect. He then goes on to state that the only disconcerting evidence not supporting 
this hypothesis is the fact that in non-atropinized animals ergotamine usually decreased the 
vasodepressions from small amounts of acetylcholine! This is not disconcerting, it is crucial! 

Neither has the conclusion of Heymans (1932) that the vasomotor effects of nicotine are 
due to action on the carotid sinus any bearing on our earlier results. Certainly the results of 
Heymans show the carotid sinus to be more sensitive to nicotine, but he admits that larger 
doses would act on the vasomotor centre. Furthermore, Heymans’ experiments were done with 
curarized animals and, as we will show the action of nicotine which we are investigating, is 
antagonized by curare. 
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In the following experiments we have not only results which tend to confirm 
our original hypothesis, but some important new pharmacological interactions of 
adrenaline and curare which may have some bearing on the Sympathin I and E 
problem. In conclusion, we do not think that the original hypothesis is by any 
means proven but that the results are indeed suggestive. 


EXPERIMENTAL. 


Except where otherwise stated, all the results in this paper were obtained 
by means of the methods listed in the earlier paper (Shaw, 1948b). The first 
series of experiments was done with cats, the second with rabbits. 


1. Experiments with Curare. 


(a) Adrenaline and curare. In 
those cats in which adrenaline pro- 
duces a rise in blood pressure a 
previous dose of curare (1 mg.) 
will result in a slightly greater 
rise in pressure and one which is 
much more sustained. There is 


— _ inerease in heart rate. Fig. 1. Cat. Adr., Adrenaline 0-1 mg. Between A 
That is to say, curare acts a8 @ ang B yohimbine 2 mg. Between C and D curare 
synergist for the pressor action of 8 mg. 


adrenaline. In those cats in which 
adrenaline produces a fall in pressure or a fall followed by a rise a previous dose of curare 
will lessen or abolish the fall in pressure and increase the rise. 

If the rise in pressure due to adrenaline were reversed to a fall by yohimbine (Shaw, 
1942) then after the administration of curare a rise in blood pressure was obtained (Fig. 1), 
i.e. curare possesses the power of reversing the vasomotor reversal action of yohimbine. Two 
explanations are possible. The first is that curare antagonizes yohimbine, the second is that 
curare potentiates only the excitor or constrictor action of adrenaline and may antagonize the 
depressor or dilator action. There are two grounds in favour of the latter assumption. In 
the first place, experiments have shown us that yohimbine does not antagonize the action of 
curare on the neuromuscular junction, it does not alter the LD;9 of curare (nor curare alter 
the LD59 of yohimbine, nor does yohimbine antagonize the inhibiting action of curare on the 
acetylcholine contraction of the frog’s rectus abdominis). Secondly, a definite synergism has 
been shown above by curare on the pressor activity of adrenaline. (This potentiated action 
of adrenaline was further increased by cocaine.) 

(b) Nicotine and curare. The rise in blood pressure produced by a dose of nicotine is 
readily nullified by the previous administration of curare (Fig. 2). As is well known, curare 
possesses the power of blocking transmission through the sympathetic ganglia and in all 
probability this is the site of the antagonism of nicotine and curare in the above experiment. 
In our previous paper we had shown that yohimbine reduced but did not reverse the rise 
in blood pressure produced by nicotine. If now curare were-to follow the yohimbine, the 
nicotine rise would be abolished. It should be noted in this and all other experiments with 
curare that the action of this drug is not immediate but that there would be a delay of up 
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to half an hour before its full action was manifest. When the nicotine action had been 
reduced by curare it could be potentiated by cocaine. In one experiment, when the nicotine 
rise had been abolished by curare, the nicotine dose was doubled but there was still no effect. 
Quadrupling the dose gave a slight rise (Fig. 2). 


BPinomm 





Fig. 2. Cat. Nic., Nicotine 1 mg. (third Fig. 3. Cat. Atropine 3 mg. Ach., Acetyl- 
dose 2 mg.). Between A and B curare 3 mg. choline 2 mg. Between A and B curare 1-5 
mg. 


(ec) Acetylcholine and curare. In unatropinized animals the fall in blood pressure 
produced by acetylcholine (muscarine action) is unaffected by curare. If an animal is 
atropinized and then a large dose of acetylcholine administered three results are possible 
a rise in blood pressure (nicotine action), a rise and fall (or fall and rise) and finally a fall 
in blood pressure (still a nicotine action, but this time 
on the D cells, which happen to be more sensitive in this 
preparation). If one of these results has been obtained 
and curare is now administered the results which are 
obtained with the next dose of acetylcholine are quite 
consistent (Fig. 3). The pure rise is changed to a fall and 
if a fall were present before curare it is now increased 
in extent (see also Koppanyi, 1939). Further, this fall 
is again increased by cocaine. We think the interpreta- 
tion of these results to be that the curare paralyses the 

Fig. 4. Cat. Atropine 4 mg. C cells but not the D cells. This interpretation would 
Yohimbine 1 mg. Ach. Acetyl- agree with the results obtained with nicotine, namely 


‘holine 2 mg. tw A ¢ , Mae 
choline mg. Between A and that curare abolishes the rise in blood pressure produced 
B curare 1-5 mg. 








by nicotine because, as we have shown in our previous 
paper, nicotine acts only on the C cells. 

The above results indicate that curare, like nicotine, does not paralyse the D cells in the 
ganglion. This has been confirmed in the following experiments. As we have shown in the 
earlier paper, acetylcholine, after atropine and yohimbine, produces a fall in blood pressure 
(Fig. 4) (nicotine action on the D cells with subsequent liberation of adrenaline at the 
endings of the post-ganglionie fibres). If curare is now administered, the fall due to 
acetylcholine is either reduced or reduced and followed by a rise. This we take to be another 
proof (in addition to potentiation by cocaine) that the fall in blood pressure produced by the 
acetylcholine in an atropinized and yohimbinized animal is due to the liberation of adrenaline, 
because as we have shown above (1, a) the dilator action of adrenaline is diminished or 
reversed by curare. 
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2. Experiments with Quinine Dimethiodide. 


In a previous paper (Shaw, 1948a) we undertook an investigation of the pharmacology of 
quinine monomethiodide as an example of the change of a tertiary to quaternary ammonium 
compound. The change, however, was not complete as there still remained one tertiary 
nitrogen. The results showed that some of the quinine properties were retained and that 
some had been replaced by those common to quaternary compounds. In addition, a hint was 
received of the possibility of the dual nature of the cells in the sympathetic ganglia. That 
is to say that this compound produced a fall in blood pressure which could only be accounted 
for by the fact that it possessed the power of stimulating certain cells in the sympathetic 
gangha which then brought about a vasodilatation. 

We have now synthesized the complete quaternary derivative, quinine dimethiodide 
(QdiM1), and have compared its pharmacology with that of the mono derivative and its 
bearing on the problem of this paper. 

The results may be summarized as follows: 

(a) QdiMI produces a fall in blood pressure which is abolished by further doses of the 
same compound. This result was also obtained with QMI. 

(b) The rise in blood pressure produced by nicotine is abolished by QdiMI. This is in 
contrast with QMI in which case the rise is only decreased. It is possible that QdiMI 
paralyses the ganglion more readily. 

(ce) The fall in blood pressure produced by QdiMI was reduced or abolished by a large 
dose of nicotine. 

(d) As with QMI, the pressor action of adrenaline is increased slightly but definitely 
both in extent and duration (Fig. 5). In one experiment a cat which was giving a fall in 
blood pressure as the normal response now gave a rise in blood pressure with adrenaline after 
QdiMI had been administered (Fig. 5). This phenomenon was also obtained with QMI and 
recalls a similar result (see above) which has been obtained with curare, and one wonders 
whether this is a typical property of quaternary compounds. 


taar 


Fig. 5. Cat. Adr. Adrenaline 0-01 Fig. 6. Cat. Adr. Adrenaline 0-01 mg. Between 


mg. 


Between A and B QdiMI 5 mg. B QdiMI 5 mg. and between C and D QdiMT 10 mg. 


(e) If the vasomotor reversal phenomenon had been obtained with adrenaline and 
yohimbine, the administration of QdiMI resulted in a decrease, abolition, or even reversal of 
the adrenaline action. That is to say, the course of action would be as follows: adrenaline a 
rise, yohimbine, adrenaline a fall, QdiMI, adrenaline, decreased fall, no change or a rise in 
blood pressure. The results in (a), (d) and (e) are open to a consistent interpretation. 
Namely, QdiMI antagonizes the dilator action of adrenaline, but not the constrictor. In (a) 
we have assumed that the fall in blood pressure is due to the stimulation of the D cells in the 
ganglion with the subsequent liberation of ‘‘depressor’’ adrenaline; however, further doses of 





A and 
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QdiMI probably both paralyse the D cells and, at the same time, antagonize the liberated 
adrenaline with the result that further doses produce no change whatever in the blood pressure. 
In (d) the increased activity of adrenaline in the presence of QdiMI is perhaps not so much a 
synergism between adrenaline and QdiMI as an abolition of the depressor portion of the 
adrenaline response with the result that the full pressor activity is manifested. In (e) the 
abolition or reversal of the vasomotor reversal would again follow because it is the dilator 
(Sympathin I) fraction of adrenaline action which is abolished by QdiMI. Once again it 
should be noted that QdiMI has the same action as curare (see 1, a above). 

(f) In an atropinized animal the ‘‘nicotine’’ rise in blood pressure produced by 
acetylcholine was always decreased or abolished by QdiMI (Fig. 7). If there were a fall 
either before or after the ‘‘nicotine’’ rise (as is often the ease) this fall is lessened by the 
previous administration of QdiMI. Once again this agrees with the observation in (b); 
here QdiMI paralysed the stimulating action of nico- 


tine on the sympathetic ganglion and in the present 


ce , 


case the similar ‘‘nicotine’’ action of acetylcholine 
is antagonized. In addition, the ‘‘dilator’’ adrena- 
line liberated is also antagonized by the QdiMI (2, e). 

(g) The fall in blood pressure produced by 
QdiMI itself was slightly increased by the previous 
administration of adrenaline. 

In general it may be said that the results of the 
experiments with QdiMI are the same as those with 
QMI except that in the former case the results are ; 
i me cut and obtained with, on the average, Fig. Le Cat. Ach. Acetylcholine . 

mg. QdiMI. Quinine dimethiodide 
30 p.c. smaller doses. 3 mg. 


ry 
losin ‘Ach 





3. Experiments with Rabbits. 


As our experiments were particularly concerned with vaso-dilatation, it was 
of interest to repeat some of the experiments using rabbits, as these animals, 
according to Burn, are practically without cholinergic dilator fibres. 

(a) Adrenaline and yohimbine. We were unable to demonstrate the vasomotor reversal 
effect in the rabbit. At the most the rise in blood pressure produced by the adrenaline was 
reduced by about 10 p.c. This is an extremely interesting result and a little difficult to 
interpret. It perhaps indicates rather definitely that sympathetic vasodilators are almost 
absent in the rabbit but this makes difficult the interpretation of the mode of action of 
yohimbine. If this drug paralyses the constrictor action of adrenaline it is difficult to see 
why it has had such a slight antagonistic effect in the rabbit. Dale (1906) also found that 
the vasomotor reversal was not obtained in the rabbit with ergotoxine. 

After cocaine the rise in blood pressure produced by adrenaline is always potentiated. 

(b) Injections of nicotine gave most unusual results. In four cases a fall in blood 
pressure resulted and in one case a rise. To obtain a fall with nicotine is most unusual and 
in the literature it is more common to find a rise recorded. It is thought that our atypical 
results are due to the use of nembutal as an anaesthetic because with chloralose a rise is 
always obtained. 

(ce) In an atropinized animal acetylcholine produced a fall in blood pressure, a fall which 
could be lessened, until it amounted to about 10 mm., but not reduced further by increasing 
the dose of atropine. On no occasion did we ever obtain the ‘‘nicotine’’ rise. The fall was 
uninfluenced by yohimbine or cocaine, but it could be increased by eserine. 
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As has been said before, the theory put forward in this paper depends upon 
the fact that the fall in blood pressure produced by acetylcholine in an 
atropinized and yohimbinized cat or a nicotinized animal is due to the liberation 
of ‘‘dilator adrenaline’’ and not due to the acetylcholine ‘‘breaking through”’ 
the atropine. If this is so, then acetylcholine should not produce a fall in blood 
pressure in an atropinized rabbit, as this animal contains no vessels which 
respond to ‘‘dilator adrenaline’. Our results show that acetylcholine does 
produce a slight fall under these conditions and, as this fall is uninfluenced by 
cocaine, it may be regarded as the ‘‘muscarine’”’ activity of acetylcholine over- 
coming the action of the atropine. We do not feel, however, that this vitiates 
our conclusions that the falls produced in an atropinized cat or dog by acetyl- 
choline after yohimbine or nicotine, ete., are really, in the main, due to ‘‘dilator’’ 
adrenaline. In the first place, in the cat and dog, our falls have always been 
potentiated by cocaine ; this has never been so in the case of the rabbit. Secondly, 
it is well-known that rabbit’s serum possesses remarkable powers for the destruc- 
tion of atropine (von Oettingen and Marshall, 1934), and hence one wouid 
expect a more easy ‘‘breaking through’’ by large doses of acetylcholine in the 
ease of the rabbit than the cat or dog. Indeed, in our experiments this was 
particularly noticeable, because the effect of an injection of atropine in lessening 
the fall due to acetylcholine would rapidly wear off after the first minute. 


DISCUSSION. 


Throughout the paper the conclusion has been sustained that a fall in blood 
pressure produced by acetylcholine in an atropinized animal, under specified 
conditions, is due primarily to stimulation of the D cells in the sympathetic 
ganglion and subsequently to the production of adrenaline at the endings of the 
appropriate post-ganglionic fibres [‘‘dilator adrenaline’’ or Sympathin I (?)]. 
The problem divides itself into two. Firstly, that there are two pharmaco- 
logically distinct types of cells in the ganglion (C and D) and, secondly, that the 
fall in blood pressure produced by stimulation of these cells is due to ‘‘dilator 
adrenaline’’. Let us consider the first point first. The evidence for this which 
was put forward in the original paper (Shaw, 1948b) has been summarized in 
the Introduction. This paper supplies the following confirmations: 


(a) Curare paralyses the C cells, but not the D cells (1, ¢). 

(b) The experiments with quinine dimethiodide confirm the conclusions 
drawn from the quinine monomethiodide results; namely, that QdiMI 
stimulates only the D cells and then eventually paralyses them (2, a, 
e and f). 

That the fall in blood pressure is due to adrenaline and not acetylcholine 

‘‘breaking through’’ the atropine is supported by: 


(i.) Antagonism of curare against ‘‘dilator adrenaline’’ (1, a, c). 
(ii.) Antagonism of quinine dimethiodide against ‘‘dilator adrenaline’’ 
(2, e). 
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Apart from these results which have a direct bearing on the authors’ 
hypothesis, other findings of pharmacological interest have been discussed, No 
actual claim for originality is made for all these results, but it would appear to 
the authors that if they have been discovered they are not sufficiently widely 
known. Everett (1948) has noticed that curare slightly prolongs the action of 
adrenaline. The antagonism between curare and nicotine shown in striated 
muscle is well known. Likewise the antagonism between curare and adrenaline 
(Gruter, 1914). However, from the point of view of the study of the actions 
of Sympathin E and I, the following should be of interest: 

Curare probably antagonizes Sympathin I but not E, and may even 
synergize with E. Quinine dimethiodide may synergize with Sympathin E and 
antagonize Sympathin I. The fact that we could not produce the vasomotor 
reversal with yohimbine in the rabbit also calls for further work. 

In conclusion, it may be stated that the authors feel that their hypothesis 
is strengthened but not proven by the work here submitted. 


SUMMARY. 


Curare potentiates slightly the pressor activity of adrenaline. 

The vasomotor reversal phenomena is reversed by curare. 

Curare abolishes the rise in blood pressure produced by nicotine. 

Curare reverses the rise in blood pressure due to the ‘‘nicotine’ 
acetylcholine. 

Quinine dimethiodide possesses the pharmacological properties of quinine 
monomethiodide, but to a more marked degree. 

In rabbits anaesthetized with nembutal it is impossible to demonstrate the 
vasomotor reversal phenomenon. 

Rabbits apparently do not have many sympathetic vaso-dilator fibres. 

The possibility of there being two pharmacologically distinct types of cells 
in sympathetic ganglia is discussed. 

The bearing of some of the above results on the Sympathin I and E problem 
is discussed. 


, 


action of 
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OESTROGENIC POTENCY OF SUBTERRANEAN CLOVER 
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In the investigation of the breeding problem in sheep maintained on pastures 
dominated by the Dwalganup strain of subterranean clover, evidence was 
obtained by Bennetts, Underwood and Shier (1946) and Bennetts (1946, 1947) 
which suggested strongly that the disease was due to the presence in the clover 
of an oestrogenie substance. Curnow, Robinson and Underwood (1948) con- 
firmed the presence of such a substance by feeding ether extracts of the clover 
to mice and guinea-pigs. These extracts produced uterine and vaginal changes 
similar to those caused by the injection of oestradiol. East, Underwood and 
Bennetts (1949) obtained additional evidence demonstrating the oestrogenic 
potency of the clover. These workers found that feeding whole potent clover 
to castrate male guinea-pigs and sheep induced changes in the secondary sex 
organs similar to those induced by injections of oestradiol. 

In order to compare the oestrogeniec potency of different samples of 
subterranean clover and other pasture species, and also to study the genetic 
and environmental factors which might influence this potency, it was necessary 
to develop a suitable assay method. The present paper gives an account of the 
investigations carried out by the author during 1946 and 1947 towards this end. 
It must be emphasized that the findings presented here are by no means final 
and that further work is proceeding which will form the subject of a later 
publication (Braden and Beck, 1949). 


MATERIAL AND METHODS. 
General. 


The clover used for most of the tests was the dehydrated bulk sample described by 
Curnow et al. (1948). 

Where ether extraction was carried out, it was done in a Soxhlet type extractor. Ten 
to tweive hours’ extraction was given. All ether was peroxide-free and alcohol was refluxed 
with, and distilled over NaOH. 

In the earlier work, both guinea-pigs and mice were used as test animals but as a result 
of the experience gained the use of guinea-pigs was discontinued. This was mainly due to 
the fact that the response (cystic endometrium) is not specific to oestrogens and occasionally 
occurred in control animals. In-bred albino mice were used in the following experiments and 
the increase of uterine weight was taken as the indicator of oestrogenic potency. 
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Oral Administration of Ether Extracts. 


Although in later experiments oral administration was discarded in favour of subcu- 
taneous injection, some valuable information was obtained and consequently the methods and 
results of the feeding trials will be briefly outlined. 

The clover was administered by evaporating an ether extract on to 2 gm. of grain per 
mouse per day. This was repeated cach day for four days, residues being scraped from the 
cages, dried and weighed in order to obtain the average intake. 

The mice used were less than 30 days of age and less than 15 gm. body weight. They 
were scrted into groups of descending weights and treatment allotted at random within 
groups of random body weight. This procedure was adopted in view of the possible correlation 
of body weight and uterine weight prior to treatment. 

The assay technique used was essentially that of Bulbring and Burn (1935). Feeding of 
extracts or injection of oestradiol was commenced 48 hours after ovariectomy and was 
repeated daily for four days. The animals (six per group) were slaughtered 48 hours after 
the last feeding or injection, the uteri dissected out, fixed in Bouin’s fluid, dried between 
filter papers and weighed. Vaginal smears were taken prior to slaughter. 

Oestradiol was injected once daily in 0-1 ml. olive oil as a reference standard. 


TABLE 1. 


Response of ovariectomised mice to feeding ether extract of selected samples 
(Six mice in each group.) 


Vaginal 


Weight | Mean uterine weight smears 
Intake - on @ a fed 

m. at ovari- l roups 

instil oem ectomy (Controls | Fed groups 8 ~ 

pecies per day gm. mg. | mg. positive 
‘‘Dwalganup’’ subterranean clover A | 3-1 | 15-7 | 7-1 | 13-1 | 83. 
**Dwalganup’’ B. | 30 | 147 | 56 11-8 100 
T. fragiferum |} 7-1 | 14-7 | 5-6 14-8 100 
M. denticulata | 3:8 7 7-1 6-5 | 0 


| 15. 





The following were the main points which emerged from the feeding tests: 


(i) The magnitude of the response to injected oestradiol varied considerably from trial 
to trial. Accordingly it was found necessary to select groups carefully on the basis 
of weight and age and to use standard oestrogen and control groups with each series. 
These points have been stressed by Bulbring and Burn (1935), Dorfman et al. (1935), 
Lauson et al. (1939) and Evans et al. (1941). 

(ii) The injection of oestradiol in two doses daily instead of one dose gave a significantly 
higher response. 

(iii) When duplicate assays were done on one sample of clover, at different times, 

considerable variations were often obtained. 

(iv) All samples of the Dwalganup subterranean clover showed appreciable oestrogenic 
activity. Activity was also observed in samples of the ‘‘Mount Barker’’ strain of 
subterranean clover and in one sample of Strawberry clover (Trifolium 
fragiferum, L.). 

No significant activity was observed in burr medie (Medicago denticulata, Wild.). 
Perennial veldt grass (EHrharta calycina Sm.) and white clover (T. repens, L.). 
Some figures are presented in Table 1 to illustrate the order of magnitude of the 
results obtained. 


~ 


(Vv) 
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(vi) Several samples of Dwalganup subterranean clover collected during the growing 
season gave results which suggested that there was a decrease in potency after 
wilting. 

(vii) Samples of Dwalganup clover burr showed low potency. 


The Preparation and Purification of Extracts for Injection. 


While the experiments described in the preceding section were being carried out it 
became obvious that the method used for assay was unsatisfactory and that subcutaneous 
injection in oil would be more desirable than oral administration. Injection of the crude 
ether extracts showed that the subcutaneous dose necessary to produce a given response was 
of the order of one quarter of the oral dose. 

Furthermore, since the ovariectomy of small mice is time consuming, entire immature 
mice were compared with ovariectomised animals. It was felt that this step was warranted 
because the extracts used were prepared with fat solvents and it was unlikely that they 
would contain appreciable amounts of gonadotrophin-like material. No significant difference 
was obtained between the mean uterus weights of immature entire and ovariectomised mice 
as test animals. The results of these comparisons are presented in Table 2. 


TABLE 2. 
Effect of clover extracts on entire and ovariectomised immature mice. 
(Six mice per group: mean weight 10 gm. at beginning of experiment.) 


Dwalganup Dwalganup Dwalganup Dwalganup 
1-1 gm. day 1-1 gm.day 0-25gm.day 0-25 gm. day 


Control orally orally subeut. subeut. 
Treatment ovariect. entire ovariect. entire ovariect. 
Mean uterine wt., mg. | 3-1 | 12-4 | 12-4 | 10-8 | 9-9 
Range, mg. | 2-4-4-0 | 10-1-18-4 10-8-14-6 | 8-6-13-4 | 8-2-11-7 
ee i a : | a = is Rte 
Smears, p.c. positive | Nil | 100 100 60 | 50 


| 

Collateral studies by Watson (1947) showed that even prolonged extraction with ether 
failed to remove all the activity from dried clover. The use of alcohol as a solvent was then 
tried and although increased activity was obtained, the extracts contained far more oil- 
insoluble material than the crude ether extract. Attention was then turned to the possibility 
of using alternative solvents and of purifying the crude extracts. At the same time the 
method of assay was re-examined in order to ascertain more precisely the range of usefulness. 


(a) Assay Technique and Standardization. 


The assay method given in the previous section was modified slightly for these 
experiments. The period of injection was reduced to three days with injections at 9 a.m. 
and 5 p.m. for both clover extracts and oestradiol. Each injection was in 0-1 ml. peanut oil. 
Entire mice (weights less than 10 gm.) were used. The animals were slaughtered 24 hours 
after the last injection. 

Throughout the investigation, oestradiol has been used in doses ranging from 0-003 ug. 
to 0-02 wg. per mouse per day, but more frequently 0-01 ug. By this means it was hoped to 
determine with some degree of accuracy the dose-response relationship for this oestrogen and 
then to calculate the oestradiol equivalent of the clover extracts. Inspection of the data set 
out in Table 3 indicates the magnitude of the errors arising from such a method. 
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Eventually it was decided to use the data for the construction of a dose-response graph 
(fitted by eye estimation only) from which the oestrogen equivalent of the unknown is 
determined by the method of Bulbring and Burn (1935). The method involves the use of an 
oestradiol standard with each group of unknown samples, plotting the oestradiol value on the 
standard graph and estimating the oestradiol equivalent by means of a line parallel to the 
standard and passing through the particular oestradiol value obtained in the test. In the 
results detailed later in this paper uterine weights of the order of 20 mg. are sometimes 
given. In such cases the oestradiol equivalent is liable to considerable error. 


TABLE 3. 


Dose response relationship with oestradiol using immature entire mice. 
(Six mice per group.) 





Treatment oestradiol per Mean uterine Oestradiol equivalent 
mouse per day (ug.) weight (mg.) Po from curve (ug.) Error p.c. 
| | | 
0-003 9-2 0-004 +33 
0-005 8-7 | 0-004 —20 
0-006 11°5 0-007 +14 
0-0075 11-0 | 0-007 — 
14°5 0-013 +70 
0-01 15°4 0-015 +50 
15-4 0-015 +50 
15-1 0-014 +40 
13-0 0-010 — 
12-7 0-009 —10 
12°5 0-009 —10 
12-2 0-008 —20 
10-9 0-007 —30 
0-0125 12°7 0-010 —25 
0-015 13°7 0-012 —20 
0-0175 16-0 0-0175 — 
0-02 17°7 0-022 +10 











By using two oestradiol groups in each test and adjusting the dose of the unknown so 
that the mean uterine weight is in the region of 12 mg. it should be possible to obtain a 
fairly precise estimation of the potency of the unknown sample. 

The errors detailed above apply to pure oestradiol and in the assay of clover extracts 
additional errors of unknown magnitude are caused by extraneous material. Most extracts 
contain relatively large amounts of oil-insoluble material and in the comparison of two 
extraction or purification methods it is sometimes not possible to determine whether an 
increase of response is due to a greater efficiency of extraction or to a higher degree of 
purity affecting solubility in oil and rate of absorption. 


(b) Extraction of Oestrogen from Dried Clover. 

Various solvents were tried and a summary of the results is given in Table 4. 

Although some solvents gave extracts of higher potency it was not possible to decide 
whether these results were due to increased extraction, to hydrolysis to a more active form, 


or merely to the formation of an extract more completely soluble in oil. In some of the low 
results it was possible that destruction of the oestrogen had occurred. In order to obtain 
some information on these points some of the residues from the tests in Table 4 were 
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re-extracted with different solvents: Test Nos. 4 and 11 with alcoholic NaOH, No. 10 with 
aleoholiec HCl, Nos. 7 and 9 with alcohol alone and separate batches of No. 5 with alcohol 
plus HC! hydrolysis, aleoholic NaOH, alcoholic HCl, and aleoholic NaOH followed by alcoholic 
HCl. The extracts from the residues were then injected at higher levels and the activity of 
the residues calculated from the values given in Table 3. These figures are presented as very 
approximate percentages of the total activity of the original clover expressing the activity of 
No. 9 and 10a tests as 100 p.c. The results of the four treatments of the residues of No. 5 
did not vary much and the mean is given. The figures given in the ‘‘Residue’’ column 
probably represent the actual order of the amount left behind but the significance of the 
percentages for the ‘‘Extract’’ is not clear. In the case of the aleoholic HCl it is con- 
sidered that destruction of the oestrogen has taken place. In the case of the alcohol 
extract (and probably the aqueous extract) the apparent decrease of potency may be due 
to the fact that a large amount of oil-insoluble material is present, inhibiting the absorption 
of oestrogen into the animal body. This explanation is supported by the fact that 
saponification of alcohol extracts reduces the amount of oil-insoluble material and at the 
same time increases the potency. An alternative explanation is that the oestrogen is 
hydrolysed to a more active form. No explanation can be given for the low recovery of 
potency in the ether extraction. There is no significant difference between treatments 9 and 
10 and the alcoholic NaOH is much more convenient for general use. 


TABLE 4. 


Extraction of dried clover with various solvents. 














| Mean | Estimated distribution of 
Test | uterine | activity (see text) 
No. Solvent | weight for |— - 
| extract* | Extract | “Residue | Total 
1 control 4°6 : _ — —_- 
2 oestradiol standard 0-005 ug./mouse/day 8-7 — —- — 
3 oestradiol standard 0-01 ug./mouse/day | 15-4 —- -~ a 
4 ether | 10-1 | 17 23 40 
5 alcohol 16-2 43 6 49 
6 petroleum ether 5-0 a a 
7 water 14-4 31 31 62 
8 Aqueous NaOH (IN) t _— 13 — 
9 Aqueous HCl (IN) 20-4 | 74 26 100 
10 | Alcoholic NaOH (IN) 22-9 | a aia oa 
10a | Aleoholic NaOH (IN) 17-0 92 8 100 
11 Aleoholic HCl (IN) 9°5 B 15 | 3 18 








* All extracts were injected at 0-5 gm./mouse/day except 10a which was injected at 0-25 gm. 
on account of the high potency of the extract. 
t This extract was highly toxic and killed most of the animals. 


It was possible to increase further the potency of the NaOH extract by reducing the 
time of the saponification. The most active extracts were obtained by either of the following 
methods: 


(i) Three extractions of the dried clover each for 10 minutes with boiling normal 
alcoholic NaOH. 

(ii) Extract three times for 15 minutes with boiling aleohol and saponify the combined 
extracts 10-15 minutes with sufficient alcoholic 3 N NaOH to make the solution 

normal with respect to NaOH. 
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(ce) Purification of Extracts. 


Attempts to purify the unsaponified alcohol extract were unsuccessful and accordingly 
all tests were done on an alcoholic NaOH extract or on an alcohol extract which had been 
saponified. 

Preliminary tests on such extracts indicated that the clover oestrogen had the following 
properties: 

(i) It is at least partially soluble in hot water and dilute acids and is very soluble in 

alkalis. 

(ii) It is extracted from water and dilute acid solutions by ether. 

(iii) It is extracted from ether with N and 0-1 N NaOH. 

(iv) It is not extracted from ether by saturated NaHCOg. 

(v) It appears to be very soluble in alcohol, slightly less in ether and benzene and almost 

insoluble in petroleum ether. 

(vi) It may be extracted from benzene by 9 p.c. NagCOg but not by water. 

(vii) It is reasonably stable to alcoholic NaOH but apparently less so towards aqueous 
NaOH. 
(viii) It is reasonably stable towards heat at least up to 100° C. 


The evidence suggests a phenolic compound with at least one additional OH group. 
Some of the properties resemble those of oestriol but the fact that it does not part from 
benzene to water seems to preclude this. 

Two schemes of purification were finally selected as the best. The first is as follows: 


Saponified extract made acid with HCl then slight excess NHg added. Evaporate to 
dryness in vacuo. 
Dissolve in 9 p.c. aqueous NagCOz. 
Extract exhaustively with ether. 





| 
wiher NagCO3 soln: acidify and 
| extract with ether 
| | me & 
Ether Aqueous Solid residue 
Sf phase dissolve 9 p.c. 
if discard NaHCO; 
| 


Extract with ether 
| 














Bais —_—_—_——- Ether Aqueous 
| phase 
Wash with NaHCO 3 discard 
a | 
| | 
Ether NaHCO3 
Wash ether 
‘nae ical 
Ether NaHCO3 


Wash ether with small vol. 
H,O (discard) 


Evaporate ether to dryness 
‘*purified’’ extract 
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The second scheme is as follows: The crude saponified extract is neutralized as in the 
first scheme and evaporated to dryness in vacuo. The residue is dissolved in a minimum 
volume of alcohol and a large excess ether added. The ether-aleohol is washed with NaHCO, 
which is back washed with ether, the ether washings being added to the ‘‘purified’’ ether- 
aleohol solution. The ether is then distilled off on a water-bath and the alcohol removed 
under vacuum. 

The first of these methods gives a much higher degree of purification but occasionally 
has given erratic results. Accordingly the second method is detailed here as the most 
reliable to date. 

Further purification may be obtained if required by extracting the final ether solution 
with N or N/10 NaOH. The ether phase is discarded and the aqueous phase is re-extracted 
with ether after acidification. An alternative purification can be made by dissolving the 
‘‘purified’’ extract from the first and second schemes in a minimum amount of alcohol 
(0-5 ml.) and diluting with benzene. The benzene is extracted with four volumes of 9 p.c. 
NagCO3. The benzene is discarded and the aqueous phase extracted with ether after 
acidification. It is not certain, however, whether any appreciable advantage is gained by 
these purifications. 


Preservation of Samples Prior to Extraction. 


In an attempt to ascertain the optimum method for preservation of samples prior to 
extraction four treatments were used on two samples of clover collected at a four-week 
interval. 


(i) Freshly cut clover stored in aleohol till extracted. 
(ii) Freshly cut clover oven dried—90 minutes at 120° C. 
(iii) Freshly cut clover rapidly air dried—12 hours at 60° C. 
(iv) Freshly cut clover air dried—48 hours at room temperature (70-80° C.). 


The samples were assayed by the method given in the final section of this paper. In 
both eases the alcohol-stored sample gave slightly higher uterine weights, but the accuracy 
of the method is not sufficient to give any quantitative estimation of the loss of potency on 
drying. Alcohol storage has accordingly been adopted for routine assay of clover samples. 


Potency of Plant Parts and Relation to Sampling Procedure. 


In addition to its scientific interest, the distribution of activity within the plant is 
important from the point of view of possible sampling technique. 

A sample of fresh, green clover was collected and separated into three fractions, each 
of which was stored in alcohol ard assayed at the following levels: 

Fraction 1. Leaf—0-25 gm./mouse/day. 2. Petioles—0-25/gm./mouse/day. 3. Roots— 
0-5 gm./mouse/day. 

The results are presented in Table 5. 


TABLE 5. 


Oestrogenic potency of plant parts in Dwalganup subterranean clover. 








| Fractions | 
i eal ee 
| Leaves | Petioles | Roots | Control 
‘ [ ees mera 
Mean uterine weight (mg.) | 25-2 7-0 | 9-4 3-7 
| 





Differences of Significance 5 p.c., 3-61; 1 p.c., 4°9. 
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As the potency is almost entirely confined to the leaf it is obvious that this factor 
must be considered in the selection of material to be sampled for assay. For routine work 
leaf together with petiole has so far been used, but in view of the fact that different 
varieties of subterranean clover have different proportions of leaf, it may be more desirable 
to use the leaf fraction only when comparing varieties. 


SuaGESTED MrerHop ror DETERMINING THE PoTeNcy or CLOVER SAMPLES. 


A sample of 70-100 gm. of green clover is collected, weighed and imme- 
diately placed into a stoppered jar or bottle and covered with absolute alcohol. 
A separate sample is taken for moisture determination. 

When the sample is to be assayed, transfer to a large Erlenmeyer flask with 
alcohol and bring to boil under reflux. Add carefully, with shaking, sufficient 
NaOH to make total solution 1 N. This is best done by dissolving the NaOH 
in a minimum volume of water, Reflux exactly 10 minutes. Filter under gentle 
suction and cool rapidly. Repeat the extraction twice more in the same way. 

Bulk all aleoholic NaOH extracts and neutralize to a pH of less than 7 
with HCl and then make just alkaline with ammonia. Salt will precipitate out 
and should be filtered off. 


Measure volume of alcohol and take off an aliquot corresponding to 12-5 gm. 
oven-dry clover. 

Vacuum distil to dryness. Take up dark sludge in 10 ml. absolute alcohol 
and transfer to separating funnel. Wash salt remaining in flask thoroughly 


twice with ether and then dissolve it in a minimum of water. Transfer the 
water to a separating funnel and extract twice with equal volumes ether. 
Diseard water. Bulk all ether and aleohol. Add additional ether to give a 
mixture of at least 90 p.c. ether. 

Wash 3 times with 10 ml, saturated NaHCOs and once with 10 ml. H20O. 
Bulk washings and back-extract 3 times with an equal volume of ether. 

Distil off ether under atmospheric pressure and draw off final alcohol/water 
under reduced pressure. 

If a considerable amount of dark matter remains it may be of advantage 
to add 0-5 ml. alcohol and then ether and re-wash with a minimum volume of 
saturated NaHCOsg. 

Take up in a minimum volume of alcohol and transfer to peanut oil in a 
graduated test tube; warm to 80—90° C. and remove alcohol in a stream of air; 
make oil volume to 5-0 ml. 

Assay in groups of 10 mice of mean weight approximately 9 gm., using two 
standard oestrogen-injected groups if possible with each series of trials. Inject 
twice daily for 3 days with 0-05 ml. oil (representing 0-1 ml. oil = 0-25 gm. dry 
clover per mouse per day). 

Slaughter 24 hours after last injection, fix the uteri in Bouin’s flnid, dry 
between blotting paper, and weigh. 


EEE EEEEEECEEE 





OESTROGEN ASSAY OF CLOVER EXTRACTS 
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SUMMARY. 


> 


An investigation has been made of a method for oestrogen assay of sub- 
terranean clover using the increase of uterine weight in immature entire mice. 

The limitations of the method are discussed and some further chemical 
properties of the clover oestrogen are described. 

A provisional method for extraction, partial purification and assay of the 
clover oestrogen is described. 

The distribution of potency between the leaf, petiole and root fractions of 
the clover has been studied and the potency found to be almost entirely confined 
to the leaves. 
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In the processing of the flesh of the Western Australian marine crayfish 
(Panulirus longipes) much difficulty has been experienced due to a darkening 
of the canned or frozen product. Similar observations have been made on the 
Pacific Coast commercial crab by Fellers and Parks (1926). The darkening 
was apparently due to the slow formation of copper sulphide from the haemo- 
eyanin of the blood, and could be prevented by a preliminary treatment of the 
flesh with a faintly acid, very dilute solution of aluminium chloride (200-400 
parts per million AlCl3.6H.O by weight was optimum for commercial practice). 
Provided that the subsequent processing technique was efficient, this treatment 
was generally successful in producing a satisfactory product, but it was not 
effective in the case of a certain number of specimens. To ensure complete 
absence of darkening, a greater concentration of aluminium chloride (600 p.p.m.) 
was found necessary. 

This work was undertaken partly to ascertain the range of blood copper, 
partly to check whether the suspected variation was related to crayfish size, 
sex, gross inter-ecdysal stage or to periods of gonad activity, and partly to 
provide a basis for future work on the biochemistry of this and other species of 
crayfish and crabs. At the same time, one of the writers (A.B.B.) was interested 
in the possible réle of nickel in animal metabolism. As the occurrence of nickel 
had already been reported in the haemocyanin of the gastropod Busycon 
canaliculatum (Montgomery, 1930), a few nickel determinations were done on 
crayfish blood; several vertebrate blood samples were also analysed for 
comparison. 

A few samples of seaweed from the area were also analysed for copper and 
nickel content to obtain some indication of the possible intake of these elements 
by the crayfish. 

Time was not available to analyse a sufficient number of blood samples to 
give a complete picture of the copper and nickel levels, and the results given 
here are to be regarded as a preliminary survey only. 

1 Division of Animal Health and Production, CS.LR.; stationed at Department of Agri- 
culture, Animal Health Laboratory, Nedlands, W.A. 


2 Division of Fisheries, C.S.I.R.; stationed at Department of Animal Biology, University 
of Western Australia. 
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METHODS. 


Most of the crayfish were from the Abrolhos Islands some 250 miles north of Perth, 
Western Australia. Six samples were obtained from Lancelin Island, 70 miles north of Perth. 
The measurements of the carapace length were taken from the posterior edge of the base of 
the rostral horns (supraorbital spines) to the posterior end of the carapace approximately in 
the mid-dorsal line. The samples for copper determinations were taken with a glass syringe 
and stainless steel needles; for nickel determinations glass needles were used, and the blood 
was aspirated directly into bottles containing oxalate. It Was not possible to obtain samples 
from crayfish which had shed their exoskeleton (moulted) recently, and were thus soft 
shelled, as the blood clotted almost instantly. 

In taking samples, the animals were placed in a walking position near the edge of a 
box with the abdomen hanging over the edge. The needle was then inserted under the 
posterior edge of the carapace along the mid-dorsal line immediately under the shell until it 
pierced the dorsal abdominal artery at its point of emergence from the heart (1-0 to 1°5 
inches). 

As an anticoagulant 4-5 mg. potassium oxalate (purified) were used per ml. of blood. 
Sodium citrate was not effective. 

Some trials were done in which the blood was squirted directly from the syringe into 6 p.c. 
trichloracetic acid solution. This treatment appears to liberate the copper quantitatively, but 
it was found to be more convenient to measure 5-00 ml. of blood directly from the syringe 
into a small oxalated bottle; the whole of the blood sample was subsequently digested with 
nitric, sulphuric and perchloric acids. After digestion the copper was determined directly on 
aliquots with sodium diethyldithiocarbamate, the copper complex being dissolved in amyl 
alcohol. Sodium pyrophosphate was added as a routine measure although iron was virtually 
absent. In a number of cases the direct copper determination was checked by doing a 
preliminary separation of the copper at pH 3 with dithizone and estimating as before. 
Results by the two methods agreed very closely. 

Where nickel was to be determined larger blood samples were necessary. Both bloods 
and seaweeds were digested as before and copper was first removed by extraction with 
dithizone at pH 3 in the presence of citrate. The pH was then raised to 8 with ammonia and 
the nickel extracted as the dimethyl-glyoxime complex in chloroform. The nickel was then 
determined by a modification of Rollet’s method (1926). In the case of the bloods the 
colours were read in 19 em. Nessler tubes. 

The seaweeds were rinsed with glass-distilled water after collection and allowed to dry 
in the air. Samples prepared in this way contain a large percentage of NaCl. In order to 
present the copper and nickel figures on a basis comparable with land plants, a rough 
chloride determination was done by shaking a weighed amount of the material with a large 
excess of water, filtering and doing a standard chloride titration (Volhard’s method) on an 
aliquot of the filtrate. The figures were then corrected for the salt content. 

In the collection, handling and analyses of all material, standard ‘‘trace element’’ 
precautions were taken against contamination. 


EXPERIMENTAL. 
Blood Copper Levels. 


The blood copper values are set out in Table 1. In this Table the gross phase of the 
inter-ecdysal period has been coded as follows: ‘‘A’’ represents crayfish which had recently 
moulted but of which the integument had hardened; ‘‘B’’, those approximately in the middle 
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TABLE 1. 
Blood copper of Panulirus !ongipes (Milne-Edwards). 
Maximum analytical error + 3 p.c. 
Values expressed as ar Cu per ml, blood. 
| = ars r = 
Carapace | Intermoult | Sex and gonad 
length, inches | stage ie Da condition Month Fishing ground | Blood copper 
| -_ st Ie a : ee alin eee 
eee 7 | 
4-3 B do spent October Lancelin Island | 43 
3-8 | A 2 spent April Southern group 70 
4-3 B d active July Easter group 81 
3-4 | B | do active July Easter group to} 
5°1 Cc do inactive April Southern group 91 
3-0 B do active July Easter group 94 
2-9 B 3d active July Easter group 95 
4-0 B o spent October Lancelin Island 103 
4-7 B do spent | August Wallabi group 105 
3-5 B od active | July Easter group 114 
5-2 B 3 inactive April Southern group 114 
3-0 A 2 inactive | April Southern group 122 
4-0 B Q ovigerous October Lancelin Island 122 
4-2 B do inactive April Southern group 127 
4°4 B 6 inactive | April Southern group 128 
3°3 B do inactive | July Easter group 146 
4-4 B d spent August Wallabi group 146 
4:0 B Q ovigerous October Laneelin Island 149 
4-0 B 3 active July Easter group 150 
3-4 | A 2 inactive April Southern group 150 
| 
3-8 A 2 inactive April Southern group 150 
2-6 B 2 active July Easter group 152 
3°2 B 3d active July Easter group 153 
2+9 | A 2 inactive April Southern group 154 
3°6 | B do active July Easter group 154 
3-9 | B 3 active July Easter group 157 
4-2 | B do spent August Wallabi group 157 
2-9 | A do active July Easter group 158 
| 
4-0 | B | Q ovigerous October Lancelin Island 160 
4-0 B do active July Easter group 161 
3°5 B | of active July Easter group 162 
4-0 B | Q ovigerous October Laneelin Island 163 
| | 
3°5 | B 3d active July Easter group 171 
3°5 | A 3 inactive April Southern group 177 
3°5 B | of active July Easter group 181 
3-1 | B do active July Easter group 187 
| 
3°5 | B d active July Easter group 198 
a d spent __— August Wallabi group 208 














Mean 138 wg. per ml.; ¢ M, + 6-0; o, + 37. 
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of the inter-ecdysal period and ‘‘C’’ those which were closely approaching an ecdysis. Cray- 
fish with serial numbers 1-29 were taken directly from the sea, while those numbered 31-40 
had been taken out of the water from 6-8 hours before sampling. 

The wide range of values (43-208 ug. per ml.) indicates a possible reason for the 
varying tendency of crayfish flesh from different individuals to darken under uniform 
processing conditions. 


As can be seen directly from the Table there is no obvious correlation 
between the blood copper levels and any one of the following factors: crayfish 
size, as measured by carapace length; period of the year; gonad activity; fishing 
area, or the early or middle inter-eedysal period. The number of samples is 
too small to draw any definite conclusions concerning the effect of sex, but it 
should be noted that 9 out of the 10 female values lie between 120 and 
170 wg. per ml., whereas the proportion of males in this range was only 12 out 
of 28. 

Examination of the grouping of the figures, together with the negative 
skewness of the grouped frequency curve, suggests that some unknown factors 
may have been operating which tended to produce a particular type of 
distribution. 


The wide range of values observed raises several questions concerning the metabolism of 
copper in the crayfish which are not answered by the present investigation: 


(a) What is the optimum blood copper level? The relatively low efficiency of haemo- 
cyanin for oxygen transport might suggest that the level would be as high as possible with 
the limiting value probably the toxic threshold. The results suggest that the upper limit is 
in the neighbourhood of 200 ug. per ml. and the optimum may lie between 140 and 180 ug. 
per ml. It should be stressed that the values in Table 1 are for total copper and although 
it is likely that this value is the same as for oxygen-carrying copper, the relationship has not 
been investigated. 

(b) Has the crayfish any storage depot for copper, either localized or general, and if so 
does the circulating copper vary with the stored copper? In vertebrates, e.g. sheep and cows 
on low copper intake, the blood copper gives a rough indication of the storage of copper in 
the liver. 

(ec) Are the blood copper levels determined solely by balance between intake and 
excretion, and a low blood level merely indicates that the animal had been grazing for a 
period on seaweeds and corals which happened to be low in copper? 


Copper and Nickel Content of Seaweeds. 


The results of the analyses of some common seaweeds known to enter into the diet of 
the marine crayfish are given in Table 2. Both the copper and nickel content are given in 
parts per million on an H,O-free and NaCl-free basis. In the case of the marine flowering 
plant, Cymodocea antarctica, there was insufficient material for the determination of NaCl 
but the figure was low and the corrected figures are calculated on the assumption of 10 p.c. 
NaCl. 
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TABLE 2. 


Copper and nickel content of seaweeds. 
Easter Group, Abrolhos Isiands, July, 1947. 








NaCl content | Copper and nickel (p.p.m. on 








Species | dry basis p.c. H,O-free and NaCl-free basis) 

Cladophora sp. 30 10-0 | 4-4 
Polysiphonia sp. plus | 

Hypnea episcopalis 25 8-4 8-8 
Caulerpa sp. 60 | 3°8 | 2-2 
Sargassum sp. | 30 1-6 | 1-6 
Cystophyllum muricatum | 15 2°8 4-0 
Cymodocea antarctica | 

(leaves and tops of stems only) (10) 5-6 } 25-0 


These samples from the area occupied by the crayfish showed copper levels similar to 
those of land plants, but the nickel content was much higher. 


The Nickel and Copper Content of Blood. 


The results obtained are set out in Table 3. The vertebrate blood was obtained from the 
carotid artery after decapitation. The lower limit of estimation on 30 ml. of blood is about 
0-01 wg. Ni per ml. 


TABLE 3, 


Nickel and copper content of blood. 
Microgram per ml. 


Nickel | Copper 





Species Details | 
TESCO | | 
Panulirus longipes | series number 38 <0-01 43 
Panulirus longipes | from Table 1. 34 0-01 105 
Panulirus longipes 32 | 0-015 208 
Panulirus longipes 36 | 0-03 103 
Panulirus longipes 46 | 0-03 122 
Panulirus longipes 35 0-03 149 
Panulirus longipes | 31 0:04 146 
Panulirus longipes 33 0-05 157 
Panulirus longipes | 37 0-05 160 
Domestic fowl (Gallus bankiva) | white leghorn ? mature | <0-01 0-20 
| white leghorn 9? mature | <0-01 | 0-26 
Guinea pig (Cavia porcellus) | bulked sample fd adult | <0-01 0-53 
Merino Ewe (Ovis aries) | ovariectomized, mature <0-01 | a 
ovariectomized, mature | <0-01 = 


Rabbit (Oryctolagus caniculus) | mature 9 mixed breed | <0-01 | 0-70 
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The amounts of nickel found in the crayfish blood are variable and 
extremely small, but they are definitely higher than those found in the verte. 
brate bloods tested. It will be noted that there is some tendency for the higher 
nickel levels to be associated with the higher copper values. On the other 
hand, the high level of nickel found in the seaweeds tested suggests that the 
blood nickel may be adventitious. 


SUMMARY, 


Thirty-eight samples of blood from the Western Australian marine crayfish 
Panulirus longipes have been examined for copper content. A wide range of 
values (43-208 yg. Cu. per ml.) was obtained, with a decided grouping in the 
sub-range (140-170). There was no indication that this variation was related 
to size, period of the year, fishing area, gonad activity or to the early or middle 
inter-ecdysal stage. The number of samples was insufficient to draw any definite 
conclusions as to the effect of sex. 

Seaweed samples from the area showed copper levels similar to those of 
land plants (1-6 to 10-0 p.p.m.), but the nickel levels were quite high (1-6 to 
25 p.p.m., both on NaCl-free and water-free basis). 

Traces of nickel were noted in Punulirus blood. The amounts were variable 
and very small, but were higher than the levels noted in certain vertebrate 
bloods. 
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